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Cuapter V. of these two approximate curves should 

METHOD OF WORKING THE VOUSSOIRS AND be employed unless it is found, after 

: onemeaen aseune jon comparison, not to materially de- 
47. It should be b lof th | part from the true curve. 

7. It should be observed of the sev-/" 49 Tet A BC DE (Fig. 19) be the ele- 
eral faces of a voussoir that, while its! , tion and ED the plan of a templet of a 
soffit face and extradosal are warped) . 4 coursing joint, so that the curve 
curved surfaces, the bedding surfaces are| 4 2 © between the center lines of the 
radial warped surfaces. On this account| ;.,, strap, 1 and 3, will be the exact 
and because they are generally consider- length of a voussoir soffit coursing joint. 
ably wider than the sofiit faces, the bed-| w, yin suppose the rules shown in Fig. 
ding courses are the most presentable | 7 5.6 the proper ones for the joint A BC 
a — - be eo f tl at points on it equidistant apart, and that 
_ 48. The curve of the templets of the | the voussoir bed warps from A H towards 
intradosal and extradosal coursing joints q J the point J being the point in the bed 

7 ay rag a , » ; ? 5 ve ‘ 
may be obtained exac tly by the method | farthest from a plane passing through 
a am Article a In bpp ‘the pointA C and H. Evidently the par- 
Fic — = —s nese ad t “o | allel rule should be applied at A and the 
( — 4.), will 5 a ——y oo . all twist rules at B and C, so that their sides 
when the length of the voussoir is small | ¥i1) pe normal to, and their upper edges 
in comparison with the length of the chal coincide with the sight plane 4 5. 
whole semi helix, the curve will vary, ‘The iron straps 1, 2 and 3 are fastened 

<1) . ig i 13 “ya 
— — from _ no pe oe de to the templet ABCDE so that their 
ery sharp oblique arches of small diam-' Q.nter lines here shown will be normal to 
eter have been successfully built, where the carve A BC. but thelr cides are nor- 
° . ’ € 
this curve has been regarded as circular 144) to the plane 45. Their tops, like 
arcts, the method of determining such joi, rules, coincide with this plane 4 5. 
circular arcts is described further on, in 7 44 cach of the three rules above referred 
ticles BS slliptical eurve oe i hati 
Articles 52 and 53. The elliptical curve to, at their intradosal points A Band ©, 
is nearer the true spiral curve, of course, |}, axtended over the templet ABCDE 
than the circular ares are. But neither). , arm that will exactly fit into its respec- 
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in the top of iron straps will prevent the 
templets moving when they are once ad- 


justed to these straps. The cross section | 


of the parallel and twist rules should be 
of the form shown at K L in order that 
its lower edge may occupy the least 
space. 

50. Therefore, in working the coursing 
bed of a voussoir, apply the soffit joint 
templet (Fig. 19) to the surface of the 
stone from which the voussoir is to be 
cut. It should be applied to the stone 





| Then cut a narrow channel across the 
|stone at BI, so that its bottom surface 
will exactly receive the lower edge of its 
twist rule, when this and the parallel 
rule, properly adjusted to the soffit joint 
|templet, are applied at BI and AH re- 
|spectively. In the same manner the 
third rule is applied at CJ and the bot- 
tom of its narrow channel reduced to re- 
ceive the lower edge of this twist rule. 
Care should be exercised in applying the 
twist rules that their upper edges are al 
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far enough from the edge of the stone to 
allow for the working of the soffit surface 
of the voussoir in the stone afterwards. 
When the surface of the stone has been 
dressed off to receive the templet let the 
curve ABC be marked upon it. Cut a 


narrow channel across the stone at AH | 


so that its bottom surface shall exactly 
receive the lower edge of the parallel 
rule when properly adjusted in its strap 


ways in the same plane and that the upper 
edge of the parallel rule is in this plane, 
all the rules, moreover, should be normal 
to this plane Any number of twist rules 
|may be thus applied. Ordinarily, a single 
pair of one parallel and one twist rule 
will be enough. The balance of the bed- 
ding surface may be reduced to the bot- 
tom surfaces of the grooves thus cut by 
applying a straight edge to them on lines 








1, Fig. 20, and the soffit joint templet| parallel to A B and to BC. 
coincides with its curve already marked| Having thus determined the bedding 


on the dressed surface of the stone.!surface the extradosal curve HIJ may 


























be drawn upon it parallel to and distant 


the depth of the arch IB, Fig. 19, from | 


the intradosal curve A BC. 

51. The ordinary method of making 
these bedding surfaces of the voussoirs 
is: 1st, lay off and sink the soffit course 
joint ABC. Then the extradosal curve 
H IJ is worked on the rough surface of 
the stone, and the parallel AH and the 
twist BI rule are applied normal to the 
curve ABC, until the upper edges are 
in the same plane. Then the twist rule 
CJ is similarly applied. Thus used the 
rules have no arm over the soffit joint 
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they were intended. All voussoirs in a 
given oblique arch have the same warp, 
and therefore those that are warped the 
wrong way cannot be used. This fact 
should be noted, all oblique arches here 
given have been left handed oblique 
arches, and the parallel and twist rules 
have been applied accordingly. When 
the oblique arch is right handed the 


| order is reversed in their application. 


52. We will now proceed to the meth- 
od of working the warped soffit surfaces 
of the voussoirs. In Fig. 22, let 5678 
be the plan, and 5’ 6’ 7 8’ the develop- 


templet in the iron straps, as in Figs. 19,!ment of the intrados of a voussoir, so 








20 and 21. Obviously this method of 
reducing these surfaces is attended with 
uncertain results, and that the method 
described in the last article is far supe- 
rior to it. The method there described 
is true and exact, giving to all these sur- 
faces the same warp or twist, a condition 
that should always be maintained, and 
for this reason the method of Article 50 
should always be used. 


51. Care should be exercised that the | 


warp is worked in the right direction. 


Nor should we be deluded by the sup- | 


position that if the voussoirs are warped 





that the axis X X—X’ X’ passes through 
the middle points of the joints 56—5'6’, 
and 67—6'7', and let the curves 6B7 
and 5E6 immediately above and below 
5678 each be circular arcs of the right 
section of the intyados. In the develop- 
ment the heading joint 6’7 is perpen- 
dicular to coursing joint 5’6’ at 6’, there- 
fore these two joints are normal to one 


| another at the point of their intersection 


6—6’, and also to the element which is 
common to the course helicoid and to the 
heading helicoid at 6—6’. 

The actual lineal curves of the cours- 


the wrong way, they can be used in the|ing joints 56—5'6' and of the heading 
other end of the arch from that for which ' joints 6 7—6'7’,, or their elliptical aproxi- 
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mates can be determined by the methods 
When regarded as ares of 


of Article 10. 
the circle, their curvature may be thus 
obtained from Fig. 22. By construction 
the points 5 and 7 in the plan are in a 
line parallel to X X. Through 5 6 and 7 
draw lines parallel to X X, producing the 
points 5 and 6 into the are 5 E 6 and the 
points 6 and 7 into the are6B7. Draw 
69 perpendicular to xx to 9 in 5 7. 
Then 6 9 is equal to the chords 6 7 and 
6 5 of the circular arc 6B7 and 5E6. 
Produce the chords 6 7 and 5 6 beyond 
this arc, and make Ac and ¢C equal to 
6 X or X 7, and make Dd and d E equal 
to60or 05. Then ABC will be the 
circular curve of the’ heading joints 6 T— 
6’ 7’,and DEF will be that of the cours- 
ing joint 56—5°6. Their middle ordi- 

















Fig. 23 
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nates are the same as those of the arcs 
6B7 and 5 E6, or both equal to BC or 
ED. It. should be noted that while 
ABC and DEF are approximate values 
of, the chords AcC, and DdE are the 
actual chords of the true heading and 
coursing joint curves. 

53. The radii of these circular approx- 
imate curves are thus obtained. Let p 
be the length of each of the ares 6 B7 
and 6E5 or 69 in the development; 7 
their chords or 6 9 in the plan; & the 
breadth 5’ 6’, and w the width 6’ 7 of 
the soffit development, ¢ the chord A eC, 
and ec’ chord Dd F; m the middle ordi- 
nate Be or Ed; R the radius of ABC, 
and R’ that of DEF. Then for the 
given width w the axis X’X’ will pass 


| ema the middle points of w and 4, 


ee. ae 19 
~~ tang. 8 - 





| when 


|or p=vw cos. B=b sin. B (20) 


| 
| whence we have 


| 2=2 r sin. 1( P 180°) =27 sin. ( 90 ) 
ar ar 


bo 
—_ 
— 


)? 
m=r—cos. (£ .90°) (22) 
mr ' 


in the triangle 6 7 9, 67=c, 69=J, and 
79=79 =w sin. f, 
or e’=[ +(w sin. f)’ (23) 


2 


but i=? R—m 


die 


2 
+: Bete 2 
Sw gm (24) 


and in the triangle 569, 56=c’, 6 9=/, 
and 59=0 cos. f, 








or (c’)’?=2 +(b cos. BY (25) 
ce” 
and R’=——A4m 26 
Sw 4 (26) 
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54. Fig. 23 is the side view and plan 
of the templet for the soffit face of the 
voussoir, or simply of the soffit face 
templet. The blade ABC is of the ex- 
act length and curvature of the soffit 
heading joint of the voussoir, and is per- 
manently attached to the stock, so that 
its edge C D is normal to the curve ABC 
at C,and blade EF G is also normat to 
the stock C D at C, and its curved edge 
GFE is the curve of the soffit coursing 
joint. 

55. The soffit face templet is thus ap- 
plied. After the first coursing bed has 
been worked as described in article 50, 
apply the stock to it and work off the soffit 
face of the stone until the curve EFG 
coincides with the soffit coursing joint 





line already worked on the coursing bed, 
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at the same time the curve A BC is ap- 
plied, and the voussoir soffit surface will 
be worked throughout its entire length. 
Then on the soffit face so worked, lay off 
a line parallel to its coursing joint, al- 
ready obtained, and distant from it a 
distance equal to the curve ABC of the 
soffit face templet for the second cours- 
ing joint. Then the soffit face of the 
voussoir is determined. 

56. The soffit face templet is then re- 
versed. Its curve ABC is applied to 
the warped soffit and its curve EF G to 
the second coursing joint just obtained, 
and the second coursing bed is worked to 
the stock C D. Thus let 1 2 3 4 (Fig. 24) 
be the end view of 2 voussoir whose upper 
coursing bed 12 and soffit face 2 3 has 
been worked, the soffit face templet is 
shown applied to work the second cours- 


‘angles to the plane of the arm ¢ec/. 


The lower edges of the two arms coin- 
cide at their point of intersection, and 
the curve ec fis a circular are of the sof- 
fit right section. 

A line drawn on a cylindrical surface 
normal to the right section of this sur- 
face is a straight line parallel with axis, 
or in other words, it is an element of the 
cylindrical surface. If, therefore, two 
drafts be cut in the face of the stone to 
receive the lower edges of this templet, 
the straight draft will be an element of 
the cylindrical surface of which the 
curved draft is a right section, and if 
either arm be raised over its draft with- 
out departing from its plane, and the 
stone be worked off to receive the sweep 
of the other arm of the templet, the sur- 
face thus obtained will be of the soffit 
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ing bed 34. The extradosal coursing 
joint on this second bed can be obtained 
in the same manner it was on the first 
bed, and then the back of the stone can 
be worked off, and the whole voussoir 
will be worked. 


ANOTHER METHOD OF WORKING THE VOUSSOIRS. 


57. First work in one bed of the stone 
a convenient portion of the soffit cylin- 
drical surface. This may be done by 
cutting into it the drafts of the ares of 
2 right sections of the soffit, and then 
working the face to these drafts and on 
lines normal to these sections. This may 
be done with the templet shown in Fig. 
25. The two arms aaibb and dec/ are 


permanently secured to one another so) 
that the parallel edges aa and 66 and| 


the plane of the arm aad are at right | 


cylindrical surface. If the circular arm 
extends sufficiently on either side of the 
straight edge to sweep the entire soffit 
of a voussoir, the templet may be con- 
fined to the single movement of the arm 
aabb over its straight draft, and this 
arm may be maintained within a single 
plane in this movement by a spirit bubble 
on the upper edge of dec f. In working 
this cylindrical surface care should be 
taken that the straight draft should be 
cut deep enough that the sweep of the 
circular arm shall be entirely within the 
body of the stone. Otherwise the vous- 
soir soffit may be deficient. 

Through any convenient point A, 
Fig. 26, of a cylindrical surface thus 


| worked draw an element AE. If 12 be 


the straight draft line over which the 
arm aabb of the templet (Fig. 25) moved 
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to determine this surface, A E is deter-| mal to the circular arc ec jf. The cours- 
mined by drawing a line through A paral-|ing beds of the voussoirs are worked to 
lel to 12. thistemplet. The arms aa66 and decf 

Let A’ B’ C’D’, Fig. 27, be the soffit | are applied to the soffit, care being always 
development of any voussoir and let a| taken that the edge a a always coincides 
templet of card, lead, zinc, sheet iron or| with an element of the cylindrical sur- 
other flexible material be cut exactly to| face. In working the bed at AD the 
its pattern, with any convenient hole a| templet is applied to the soffit and the 
cut through it to show the coincidence | point fis moved along the joint A D and 
of the line AE, Fig. 26, with it. Then| the stone below is worked off to receive 
apply A’ and line A’ E’ of the templet! the arm fg. To work the bed below BC 
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with A and AE, Fig. 26. Curve the 
templet exactly to coincide throughout 
with the worked surface (Fig. 26), and 
trace on the soffit edges of the voussoir 
as shown by dotted lines. 

’’ 58. The templet, shown in Fig. 28, is 
the same as Fig. 25, except the spirit 
level is removed and the arm fg is added 
to it. This arm is permanently attached 
to and isin the same plane as the circular 
arm «/e« f, and its inner edge fg is nor- 





the templet is reversed, the point £ moves 
along BC and the coursing bed below 
B C is worked off to receive the arm / g. 
The edge 7g, in application, is normal to 
the heading joints and to the coursing 
joints of the soffit when the point / is at 
| A, B and C the line fg at such points is 
therefore at the intersection of the heading 
surfaces and of the coursing beds when 
so applied. If, therefore, the templet be 
applied at A and the direction of fg 
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mi wor on the coursing bed below AD 45 be the convenient number of voussoirs 
and then at B and the direction of J9| for the face of the arch, then the length 
worked on the bed below BC, the head- | 59.165 
ing surface is determined and can be| |of the bedding joint will be 45 =1.315 
worked to the two lines thus determined | y hence for Eq. (24) R=23.07. If 3 feet 
and to the heading joint AB. In like) is a convenient soffit length for the vous- 
manner work off the heading surface at soirs their extradosal length will, Eq. 
CD. |(25), be 3.61. Eq. (6) gives @ = 37°— 
This process has the great advantage /114’ or equal to f# and “Eqs. (4) and (5) 
of determining all the joints and surfaces | | makes the extreme warp to 0.24 or 3” 
of a voussoir with great exactness. It, | |The middle ordinate of the soffit he: ading 
however, requires great care in applica- | joint is .009, and that of soffit coursing 
tion, simple as is its theory. Care should | | joint is .012. The intradosal width is 
be exercised, Ist, in working the soffit to | 1.31 and the extradosal 1.45. 
true cylindrical surfaces ; and 2d, in work. | 60. Let Fig. 29 be an end view of a 
ing the coursing beds for the soffit, that | helicoidal voussoir. The waste of mate- 
the templet be so applied that the lower | rial will be a wedge C DE or B A F whose 
edge of the straight edge arm always co- | width is the length of the voussoir, or if 
incides with an element of the soffit. | the voussoir be of the warp and dimen- 














INCREASED COST OF WARPED SURFACES. sions given in Article 56. This waste 
| will be 1.03 cubic feet. The contents of 
59. No exact rules can be given for the | | the warped voussoir or its equivalent 
percentage of the waste of material in | | straight voussoir are 11.33 cubic feet, or 
working voussoirs to helicoidal warped | the waste of material is less than 8} per 
surfaces over that of working them to|cent., since the contents of the block 
straight surfaces in right arches. For | from which the warped voussoir curve is 
besides the diameter and obliquity of the | | 12.36 cubic feet. 
arches this percentage is dependent upon) Allowing $1.60 @ perch of 16 feet for 
the three dimensions of the voussoirs. | quarry stone the block for the straight, 
If we consider an oblique arch of ordi- |and warped voussoirs will cost respect- 
nary diameter, but of an unusually sharp | ively, 
angle of obliquity, the per cent. of this| Straight. Warped. 
waste and cost of working will, of course, $1.13 $1.24 


be unusual. Let an oblique arch of 30| a Be pnd oy 
feet diameter, and of 40° obliquity be| 196. is............ 00... ee ee 3.90 3.90 
such a case, and we will suppose the arch | Extra on account of the warp... 50 





to be 2.50 feet deep 9=50°. The right! 
semi-circumference or T7°=47.17 and fre om 
eqs. (11), (13) and (14) 6=37°—11}’ ’= | 


$5.03 $5.64 
Or the warped voussoirs will cost 124 


41°—31' and GS, Fig. 16, 59.165. Let'per cent. more than the straight ones. 
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This per cent. in practice would be less 
than 10 per cent. 


block stone were quarried exactly to the 
given dimensions in both cases. In 
practice, however, they are quarried con- 
siderably larger than needed. 


This comparison has | 
been made on the supposition that the | 


The block | 


stone would probably be of the same) 


dimensions in both cases. 


illustration is an unusual one. In an 


Again, our | 


ordinary obique arch the obliquity is| 


much less, and the per cent. of cost would 
be less than 10 percent. If the work- 
men are skilled in the use of the templet 


they will cut warped voussoirs as rapidly | 


as straight ones, and the skill is soon 
acquired. The extra cost for templets is 
insignificant, in work of any magnitude. 


SKEW-BACK VOUSSOIR ARCHES. 


61. It will be observed by reference to 


‘in the body of the arch is. 
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post surfaces are plane surfaces. If they 
are constructed without being made part 
of the course immediately below them, 
they will crack off at B and C, Fig. 30, 
and the tendency to move over the im- 
post will be great. But if they are made 
part of the course below this weakness 
will be overcome, and the tendency to 
move over the impost will be abutted by 
by the rising walls. 

62. These skew-back voussoirs ar- 
ranged as suggested by Article 57, are 
thus constructed. The coursing bed at 
A B, Fig. 30, is worked for its length AB 
the same manner as that of any voussoir 
Let Fig. 31 
be an end view of one of these skew- 
backs, A C GH being that of the heading 
surface. The line AH is normal to the 
soffit coursing joint of the bed just 
worked, and is therefore determined. 


Fig. 17 that the intradosal development’| Then apply the stock of the soffit face 


A 
Fig. 30 
/ ; MA Fs 
/ 1 7 / 
/ j be 
vo iP 
i ‘ Ms. 
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of the voussoirs at the spring lines S V 
and G Q are right angled triangles. Let 
Fig. 30 be an enlarged cut of one of 
these triangles. Its spring line length / 
or CB is obtained by dividing its whole 
spring line GQ by the number of these 
triangles upon it. Draw p or AC per- 
pendicular to /, and let the two parts of 
? thus divided be ¢ and ¢@. The angle 
ABC will be equal to f the angle of 
the intrados, whence we obtain 


w=l sin. 8 (27) b=l cos. 6 (28) 
p=w cos. f b sin. £ (29) 
t=w sin. f (30) and ¢’=0 cos. f (31) 


The triangular extradosal development 
of these voussoirs are shown in Fig. 18. 
Any of these spring lines, p being an ele- 
ment of the intrados parallel to the axis 
of the arch is a straight line, and the 
corresponding spring line of the extrados 
is equal to and parallel to p. Their im- 
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templet to AH and determine C, Figs. an arch face end of the intrados and the 
30 and 32, Fig. 32 being a perspective extrados between the axis X’X’ and their 
view of the worked skew-back. Work a' spring lines S V and RT showing the 
straight line C B and let the soffit face | end curves X’S and X’R and the succes- 
templet be applied and the soffit between sive coursing joints of each surface. 
AB and BC worked. Lay off on CB | These end curves should be exactly de- 
CD=+¢, Eq. (30), and apply the curve termined by Eqs. (17) and (18) and the 
AD of the templet A D E, Fig. 31, to the | coursing joints by Articles 45 and 46. 
AD, Fig. 32, and work the line DE in| Beginning at the axis X’X’ let the cor- 
the face of the skew-back. In the tem-| responding intradosal and extradosal sur- 
plet ADE the curve of the right section faces of the successive courses be num- 
of the arch and the straight edge DE bered 1, 2, 3, 4, &c., and their correspond- 
departs from a normal to this curve at D ing coursing joints, 1, 2, 3, 4, &c., as 
in conformity to the latter of the face of | shown. 

the abutment. The line BI, Fig. 32,is' ‘To determine the angle an end line 











normal to the curve A B and is deter-;|C A of the intrados between any two 
mined in working the bed A BIH. |coursing joints 3 and 4 makes with these 
Therefore, make C G normal to C B and| joints. Through a, the point of intersec- 
parallel to IB, and work the heading|tion of the joint 4 with the curve X’S, 
surface AG by H. The face of the skew-|draw ab perpendicular to the joint 3. 
back is then worked off on lines parallel | Then if A BC D, Fig. 34, be the soffit of 
to DE, and the bed parallel to the im- la properly worked voussoir, at any con- 


post plane BC by I. When the skew-| venient point d draw dce normal to CD 
backs are then cut the stone from which/or joint 4, which may be readily done 
they are worked may be quarried without | with the soffit face templet, Fig. 34. Lay 
waste of material over that of the vous-| off ef on A B or joint 3 equal to de, Fig. 
soir in the body of the arch. 33. If then a flexible straight edge be 
= applied to the soffit and df drawn upon 
Cuaprer VI. it, df will be the proper location of the 

METHOD OF WORKING THE RINGSTONES, CEN- | end line ac, Fig. 34. 
TERING, &C. All other arch face lines of the soffit 

Bing Stones may be in a like manner determined. — 

‘ me 64. To determine the angle the joint 
63. Let Fig. 32 be the development of! of any coursing bed 5 5, and of the face 
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of the arch makes with its soffit coursing 
joint, through / the joint of intersection 
of the intradosal joint 5 and the end 
curve x's, draw Ai in a direction perpen- 
dicular to the axis 2’z’, and intersect the 
extradosal joint 5 at 7. By construction 
/ and ¢ are the intradosal and extradosal 
extremities of the element of the warped 





rt 


coursing bed. Therefore i 7 is the dis- 
tance on the extradosal joint 5 that the 
point 7 of the intersection of the extra- 
dosal joint 5 and X’R, is from the extra- 
dosal extremity of the normal line to the 
soffit coursing joint 5. 

hen if AB and CD, Fig. 35, are re- 
spectively the intradosal and extradosal 
joint 5 5 of the coursing bed ABCD of 





a properly, worked voussoir, apply the 
soffit face templet to it at any convenient 
point a, and determine the normal a/ 
to the joint AB at a. Lay off on CD, 
bc equal to 77, Fig. 29, and applying the 
flexible rule to the coursing bed, draw 
cea frome to a, for the proper location 
of the arch face joint of the coursing 
bed 5 5, and for the courses 4 and 5. 

In this and the preceding article the 
entire half of the two curved ends and 
their coursing joints have been consid- 
ered, for the convenience of illustration. 
Such consideration is not always con- 
venient to entertain, but the parts relat- 
ing to one or more courses may be treated 
|separately by methods that readily sug- 
| gest themselves. 
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| CENTERING. 
| 65. The centering ribs should be 
|placed in planes parallel to the face of 
ithe arch, and, therefore, when so ar- 
ranged will be eliptical. ‘They are some- 
times placed normal to the soffit, or made 
circular, when, in order to receive the 
arch under its acute angle, the centering 
has to be extended beyond the obtuse 
angle, and there loaded to prevent any 
movement in the centering when the 
voussoirs are sét near the actual angle. 
Circular centering should not be employed 
to receive the voussoirs of an oblique 
arch. The ribs of the eliptical centering 
being parallel to the arch face, are in the 
planes of pressure, are easily maintained 
and require no more material than is nec- 
essary to receive the voussoirs. 














66. The sheeting or lagging should be 
so put on the ribs that it will have an 
even and smooth surface, and that the 


centering will be of the exact dimensions | 
When s0 pre-| 


to receive the voussoirs. 
pared the soffit coursing joints of every 
course should be carefully and perma- 
nently marked upon the sheeting, as a 
guide for the placement of the voussoirs 
in the arch. The location of these joints 
on the centering may be determined from 
the development of the intrados. As the 
skew-back stones are generally set before 
the centering is, no lagging or sheeting 
will be required on the centering below 
the intradosal upper courses of the skew- 
back stones. 


SEGMENTAL AND ELLIPTICAL ARCHES, 


67. As the same principles are involved 
in segmental as in full semi-circular right 
section of a helicoidal oblique arch, no 
further rules are necessary for their con- 
sideration. 

As in right segmental arches the axes 
of oblique segmental arches are in the 
planes of their imposts or springing sur- 
faces, and their skew-back stones should 
be constructed accordingly. 

Elliptical oblique arches are not rec- 
ommended, both on account of their 
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structural weakness and the difficulties 
involved in their construction. 


THRUST OF THE ARCH. 


68. The thrust of a helicoidal oblique 
arch being carried to the impost in lines 
parallel to the face of the arch causes a 
tendency in the arch to move outward at 
the acute angle of the arch, which is re- 
sisted by the friction of the coursing 
beds of the voussoirs. This tendency to 
move increases with the acuteness of the 
angle of obliquity, and when very acute 
this tendency should be resisted by prop- 
erly constructed wing walls. When so 
constructed these arches may be con- 
structed to any desired angle. It will, 
however, be a rare case where the angle 
|of obliquity is less than 25°—the limit 
| calculated by John Watson Buck. If he 
‘had considered the arch helicoids con- 
| structed as recomended in Article 44 the 
| construction would have been more stable, 
|and his limit less tan 25°.* 





* Helicoidal oblique arches are much more stable 

| than that they are generally supposed to be. During 

the summer of 1877 the author superintended the con- 

| struction of two of these arches, of 66 feet cylindrical 

| length, 16 feet right diameter, and of 40° obliquity, 

| each, and though placed under two tracks over which 

| the heaviest railroad traffic passed, these arches, at 

‘ this time, March, 1886, do not evince the least weak- 

ness. No extra precaution was taken to prevent the 

| skew-back stones moving over their beds. A right 

| arch could not have performed the work better or 
| more satisfactorily. 





THE CORRELATION OF THE 
ELEMENTARY 


DIFFERENT BRANCHES OF 
MATHEMATICS. 


By R. B. HAYWARD, F. R. S. 


From “ Nature.” 


Amone the permanent acquisitions to 


\great principle of the Conservation, or 


mathematical science secured within the | (as I prefer with H. Spencer to call it) 
last half century, within the limits of | Persistence, of Energy, the establish- 
those branches with which our Associa-| ment of which will live in the history of 
tion concerns itself, two (I conceive)| science as the great achievement of the 


stand out as pre-eminent in their far- 
reaching and ali-pervading consequences. 

These are the firm establishment as 
distinct entities of two concepts, which 
have been fixed for all the future of 
science in the terms Hnergy and Vector, 
and the development of the groups of 
ideas and principles which cluster around 
each. 

The term nergy indeed, and the 


central part of the nineteenth century, 
have a scope far beyond the purely 
mathematical treatment of dynamics and 
the allied branches of physical sciences. 
They, the concept and the principle, have 
already profoundly modified the views of 
the physicist as to the natural Jaws with 
which he is concerned, and are destined 
to form the starting-point and firm foun- 





dation for all his conquests in the future. 
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But no less is it true that the conception 
of energy, while it has naturally arisen 
out of the higher mathematical treat- 
ment of dynamics, has necessitated 
very material recasting of that treatment 
in its most elementary, as well as in its 
more advanced, stages, if it is to bear 
any fruitful relation to physical science 
in general. This recasting of elementary 
dynamics, if not yet fully and satisfac 
torily effected in most of the text-books 
which still remain in use, in which the 
notion of energy is brought in rather as 
as the “purple patch” than inwoven 
into the whole texture of the robe in 
which the subject is clothed, is yet, 
thanks pre-eminently.to the teaching of 
Maxwell, Thomson and Tait, and Clif- 
ford, in a fair way for being accom- 
plished. 

The influence of the conception of 
energy is, however, as regards mathe- 
matics, rather an influence from without 
than one from within its peculiar domain. 

That which is strictly mathematical in 
the treatment of any science is not its 
subject-matter, but the form in which 
that subject-matter must from its nature 
be expressed. Mathematics, as such, is 
in fact «@ formal (may I not say the 


formal?) science, concerning itself with | 
the particular matter only so far as that | 
matter necessitates a particular form for | 


its expression. Hence the recurrence of 
the same formule and mathematically 
the same propositions in different 

branches of science, so that, to take ele- 
mentary instances, a proposition in geo- 


metry may be read off as a proposition | 


in statics by substituting forces for lines, 
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preceding that epoch. In fact in the 
year 1845 I myself enjoyed the privileve, 
as a young student, of attending lectures 
of De Morgan on this subject, which he 
afterwards developed in his treatise on 
“ Double Algebra,” published in 1849. [ 
think, however, that we may conveniently 
date from the introduction of * Vector,” 
which is now the accepted term for any 
magnitude which besides numerical 
quantity or intensity has a definite direc- 
tion in space, the definitive acquisition of 
this concept with all its consequences to 
the settled territory of mathematical 
science. The caleulus of quaternions in- 
deed, or that part of it which was truly 
original and due to the genius of Hamil- 
ton alone, involving the conceptions of 
the products and quotients of vectors in 
three-dimensional space, is doubtless be- 
yond the range of what now can be, or 
within the near future is likely to be, re- 
garded as elementary mathematics ; but 
the notions of vector addition and sub- 
traction and their consequences in geo- 
metry and mechanics ought assuredly to 
be considered as within that range, as 


>! ought also, for a complete view of ordi- 


|nary algebra, vector products and quo- 
tients in one plane. 

If we inquire in what manner we 
should expect the idea of a Vector and 
its attendant ideas to affect our elemen- 
tary teaching, I think the answer would 
| be “that it would naturally lead to a dif- 
| ferent grouping, or arrangement in order, 
|of the various branches taught. It would 
‘lead us to group them not according to 
their subject matter—arithmetic and 
algebra, the sciences of number, par- 








or the formula which determines the |ticularand general; geometry, the science 
speed of the center of mass of two|of space; trigonometry, in one aspect 
masses having different speeds is also| treating space and number in combina- 
that which. determines the temperature |tion, in another as a development of 
resulting from the mixture of two masses | algebra; statics, dealing with forces in 
of different temperatures. | equilibrium ; dynamics, with forces pro- 

To this formal, or essentially mathe-| ducing motion; and so on—but accord- 
matical, part of the exact sciences be-|ing to their form, as dependent on the 
longs the conception of a Vector, or|nature of the magnitudes dealt with. 
rather the group of conceptions which | One-dimensional magnitudes, that is, 
cluster around that term. The term it-| ‘ eamnibalies defined by one element only, 
self was introduced by Hamilton in con- whether such as are completely defined 
nection with his grand theory of quater- | by one element, or more complex magni- 
nions about forty years since, but the|tudes regarded for the moment in re- 
idea had been already firmly grasped and|spect of one of their elements only, 
developed so as to afford a complete ex: | would naturally form the first stage, 
planation of the imaginary (,/—1) of| with subdivisions according as the treat- 
ordinary algebra within the tw enty years iment is purely quantitative or metric, or 











THE CORRELATION 


scalar, that is, metric with the addition 
of the notion of sign or sense. Then 
would follow two-dimensional magni- 
tudes, or magnitudes defined by two 
elements, treated with respect to both 
elements in subdivisions metric and 
scalar as in the first stage, and also 
finally as complete Vectors. 

If we further inquire how far these 
notions have in fact affected our elemen- 
tary text-books, I think we shall find 
that the extent to which they have done 
so is very small. A comparison of the 
text-books of the present day (I speak 
of them in the gross, not forgetting that 
there are some important exceptions) 
with those that were current at the time 
when my own mathematical studies be- 
gan, an interval of some forty years, 


produces the impression of likeness 
rather than that of contrast. Changes, 


which are welcome improvements, have 
doubtless been made in matters of de- 
tail, and in various ways the paths have 
been smoothed for the student; but the 
general treatment is essentially the same, 
and shows very little sign of independent 
thought, informed by more extended 
views, having been exercised with regard 
to the old traditional modes of present- 
ing the subject as a whole. 

The algebra, for instance, of our ordi- 
nary text-books is (if I may venture to 
give it a nickname which every brother 
Johnian at any rate will understand) 
heptadiabolic,* or that whose highest 
outcome, in the mind of the pupil who 
has studied it, is the solution (so called) 
of a hard equation or equation problem 
little more in fact than a series of rules 
of operation, which skilfully used (and 
how many fail to attain even this amount 
of skill) will solve a few puzzles at the 
end, but very barren of any intellectual 
result in the way of mental training :— 
an algebra in which the interpretation of 
negative results and the use of the nega- 
tive sign as a sign of affection has been 
ignored, or so lightly dwelt on, that the 
notion of the signs + and — as appro- 
priitely expressing opposite senses along 


* The allusion is to a paper which used to be set at 
the annual May Examinations at St. John’s College, 
Cambridge, consisting of seven very hard equations 
and equation problems, familiarly known as the 
“seven devils.” As a test of a certain kind of skill 
in algebraical operation and of ingenuity and clear- 
headedness it was.not wi'hout considerable value, 
but it tended to produce false notions of algebra in 
its relations to mathematics generally. 
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a line, has to be elaborately explained as 
almost a new idea in commencing trigo- 
nometry ; and further, an algebra which, 
as Prof. Chrystal has observed in his ad- 
dress to the British Association, is use- 
less as an instrument for application to 
co-ordinate geometry, so that the student 
has at this stage practically to study the 
subject again, and only then obtains 
something of a true notion of what 
algebra really is. 

With the foregoing general considera- 
tions as a guide, I will now examine in 
some detail the correlation or affiliation 
of the several branches of elementary 
mathematics to which they seem to lead. 

Mathematics naturally begins by treat- 
ing magnitudes with reference to the 
single element of quantity. The answers 
to the simple questions, How many? 
How much? How much greater? How 
many times greater? lead up to the 
arithmetic of abstract and concrete num- 
ber, and the doctrines of ratio and pro- 
portion, and the development of these 
with the use of the signs +,—, &c., as 
signs of the elementary operations, and 
letters to denote numbers or ratios, na- 
turally leads to generalised arithmetic or 
arithmetical algebra. At this stage a—Qd, 
where 6 is greater than a, is an impos- 
sible quantity, and a negative quantity 
has by itself no meaning. In this ear- 
liest stage the magnitudes dealt with are 
either pure numbers or concrete one- 
dimensional magnitudes, value, time, 
length, weight, &c., whose measurements 
are assumed as known. There are few 
magnitudes which are metric or quanti- 
tative only, but all magnitudes have quan- 
titative relations which may be regarded 
apart from their other relations, and so 
may be the matter or subject of arith- 
metic, if they are such that their quan- 
tity can be estimated definitely or meas- 
ured. Purely metric magnitudes are 
such as can be conceived to be reduced 
in quantity down to zero or annihilated, 
but of which the negative is inconceiv- 
able, so that at zero the process must 
stop. Such are many magnitudes that 
are measured by integral numbers—as 
population, numbers of an army or a 
flock, a pile of shot, &c., or continuous 
magnitudes, such as mass, energy, quan- 
tity of heat or light, the moisture of the 
atmosphere, the saltness of water, Xe. 
But there is a far larger c'ass of magni- 
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tudes, of which it is true that not only 
the opposite or negative can be con- 
ceived, but that they cannot be fully 
treated without regard to such opposite. 
For these, reduction to zero, or annihila- 
tion, is only a stage in passing from the 
magnitude to its opposite, e. g. time after 
and time before a given epoch, lengths 
forward and backward along a line, re- 
ceipts and payments, gain and loss, and 
so forth. The consideration of such mag- 
nitudes at once leads to the scalar subdivi- 
sion of the one-dimensional stage. In this, 
magnitudes which are themselves purely 
scalar, or the scalar elements of more 
complex magnitudes, are alone consider- 
ed. But to the quantitative element is now 
superadded the notion of sign or sense, 
appropriately denoted by the signs + 
and—, which, without ceasing to be 
signs of operation, are now regarded 
also as signs of affection. The introduc- 
tion of this notion leads at once to scalar 
algebra, in which a—d, where 0b is 
greater than a, is no longer an impos. 
sible quantity, and a negative result has 
a definite meaning, so long as the magni- 
tudes dealt with are not purely metric. 
The step from arithmetical to scalar 
algebra, though very simple and almost 
insensibly made, should, I think, be 
much more distinctly emphasized in our 
teaching and our text-books than is usu- 
ally the case. Exercises in metric and 
sealar readings of the same simple ex- 
pressions should be frequent, and nega- 
tive results, whenever they -occur, ex- 
amined and shown to be impossible only 
if the magnitude in the question is 
purely metric, but interpretable if it is 
scalar. Thus the idea would be gradu- 
ally evolved that the impossibles or 
imaginaries gf algebra are so in a purely 
relative sense and with regard to the par- 
ticular subject-matter treated of, and it 
would become readily conceivable that 
the remaining impossible quantity a + b 

--1, to which form scalar algebra, 
working on the basis of its laws of com- 
bination, would show that all expressions 
may be reduced, may be completely in- 
terpretable when ultra-scalar magnitudes 
form the subject of investigation. 

Passing now to the consideration of 
special magnitudes and bow far their dis- 
cussion can be carried in the one-dimen- 
sional stage, I think we shall arrive at 
some important practical results. 





The scalar element of space is length 
measured forwards or backwards along 
a line, and the resulting geometry is the 
simple geometry of points on the same 
line. Starting from the definition that— 
AB is BA, the fundamental proposition 
is that AB + BC = AC, whatever be 
the positions of A, B, C on the line, and 
this with a few simple consequences 
completes all that is necessary to be con- 
sidered in linear geometry. 

Combine with this the notion of time, 
and the science of linear or scalar kine- 
matics emerges. This includes the 
measurement of the motion of a point 
along a given line by the scalar magni- 
tudes, speed* and acceleration, and the 
discussion of different kinds of linear 
‘motion, uniform and uniformly acceler- 
ated, and so the laws of falling bodies. 
When the notion of a variable rate be- 
came firmly grasped, the investigation 
might be extended to some simple cases 
of variable acceleration without any 
large demand on algebraical skill, and so 
the fundamental notions of the fluxional 
or differential calculus and some idea of 
its scope and aira be attained. 

Introduce now the notions of force 
and mass and the axioms of force or mo- 
tion as contained in Newton’s laws, and 
the science of linear or scalar dynamics 
results. If we drop for an instant the 
notion of time, or rather of change in 
time,. we have linear statics, which con- 
sists of little more than the single pro- 
position—the “tug-of-war” proposition— 
that the resultant of any number of 
forces along the same line is their scalar 
sum. Linear kinetics, however, covers a 
wide field—the relations of force, mass 
and acceleration, their measures and 
their applications to simple cases of 
linear motion; the time integral of force, 
momentum; the -space integral, work ; 
energy, kinetic and potential; the rela- 
tions of force applied to resistance over- 
come in simple machines working stead- 
ily; impulsive actions in collisions and 
explosions; and other simple develop- 
ments—would here be studied in their 
simplest forms apart from any greater 
mathematical difficulties than arithmetic 
and very rudimentary algebra, and yet 


* The term speed has been happily appropriated for 
the scalar element of velocity. A corresponding 
term is wanted for the scalar element of accelera- 
| tion ; no better word than quickening suggests itself 
}tv me. 
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involving almost every truly dynamical 
principle needed for the highest prob- 
lems in dynamics. Here, with perhaps a 
few applications to other branches of 
physics, the range of the one-dimensional 
stage ends. 

Proceeding next to two-dimensional 
magnitude , we commence of course with 
elementary plane geometry, in which the 
propositions, which are not purely de- 
scriptive, deal with the magnitudes con- 
sidered in purely metric relations. 

The introduction of the notion of 
sense for lines and angles, denoted by 
the signs + and—, leads in one direc- 
tion to elementary trigonometry, and in 
another to co-ordinate geometry. 

Kinematics is now extended to motion 
in two dimensions, and this should lead 
at once to the notion of velocity, acceler- 
tion, &c,, as vector magnitudes, and with 
this the general notion of a vector and 
vector addition. In dynamics force 
emerges as a vector, and the composition 
of forces regarded as the addition of 
vectors lays the foundation of statics, 
or the relations of forces independent of 
the element of time, to be developed on 
the one side with the aid of pure ge- 
ometry and graphical methods, on the 
other by the application of trigonometry. 
This is naturally succeeded by uniplanar 
kinetics, developed more or less fully till 
it extends to regions beyond the range 
of elementary mathematics. Algebra 
will have been carried on puri passu to 
meet the requirements of the special 
subjects, but will still remain scalar with 
its impossible of uninterpreted symbols. 

The next step is to complete the 
algebra of vectors in one plane. The 
notion of a vector and vector addition 
will already have been grasped and will 
need only some further application and 
development, but the extension of the 
notion of multiplication to vectors in one 
plane at once leads to the already fam- 
iliar algebra, but with wider meaning 
and without impossible quantities or un- 
interpretable symbols. The immediate 
result is a complete trigonometry, of 
which De Moivre’s* theorem, now com- 
pletely intelligible and not a mere form- 
ula, forms the basis, and the higher de- 
velopments of ordinary elementary alge- 
bra. It will then appear that ordinary 
algebra receives its full explanation in 


vectors limited to one plane, and it will, 


naturally be anticipated that the algebra 
of vectors in any directions in three- 
dimensional space will be different from 
the ordinary algebra, an expectation 
which will be amply justified by the study 
of the algebra or calculus of quater- 
nions, the grand discovery of Sir W. R. 
Hamilton, but to pass on to this would 
be to pass beyond the limits of what is, 
in the sense of our Association, elemen- 
tary mathematics. 

If the correlation of the elementary 
branches of mathematics, which I have 
now sketched out, is accepted as based 
on true principles, I cannot doubt but 
that it will lead to important practical 
consequences, the development of which 
I may safely leave in the hands of those 
who so accept it. There are, however, a 
few immediate deductions from it, which 
occur to me as naturally calling for ex- 
pression before I close this paper. 

In the first place I would observe that 
while I believe the several stages in the 
foregoing scheme to be natural and such 
as every teacher would do well to have 
in his own mind in arranging the course 
of instruction for his pupils, I do not at 
all regard it as marking out the exact 
order to be followed by each individual 
student. There is room here, still in 
subordination to the general scheme, for 
wide variation according to the different 
requirements of different students. It 
would in almost all cases, I think, be 
very unwise that any one of the stages 
should be completed before the next was 
commenced. For instance, though the 
theory of ratio is purely one-dimensional 
and metric, no one, 1 suppose, would 
think of dealing with it otherwise than 
in the incomplete form sufficient for 
arithmetic before commencing the study 
of the simple two-dimensional geometry 
of Euclid or our own text-book. And, 
again, how far scalar or linear kinematics 
and dynamics should be studied (or 
whether at all) before proceeding further 
in the two-dimensional stage to trigono- 
metry, &c., is a question which may 
fairly be answered in different ways ac- 
cording to the different objects aimed at 
in the study of mathematics by different 
classes of students. 

It appears to me, too, to follow from 
our scheme that, whatever may be true 
for the select few who aim at becoming 
mathematicians, for the great mass of 
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those with whom the great object is, or| quences and to follow out the simpler 
ought to be, intellectual training, algebra | general results obtainable from it, and he 
should be studied at first, not as a sub-| would have acquired a clearer conception 
ject for its own sake, but as an instru- and higher appreciation than is common 
ment for use in other subjects. I hold| with people otherwise well educated of 
that, unless pursued into its higher de- | the part which mathematics plays in its 
velopments, algebra per se is not a valu-| application to the physicial sciences, and 
able instrument of mental training. Can | with it that sound dynamical basis which 
it be said that such algebra as is required is the essential condition of a fruitful 
(say) at the Previous Examination at) study of physics. I feel sure, too, that 
Cambridge, a large part of which has had | the consciousness of the student that he 
no application for the student in any) was dealing with actual living laws and 
other subject, is of any value at all pro-; not with the dry bones of algebraical 
portional to the time it has taken him to processes or trigonometrical formule 
acquire it? I think, then, that algebra leading to no results, and that his mathe 
should be studied piecemeal: first just| matical studies were meant to be, and 
that small quantity which is necessary | were, more than a mere mental gymnas- 
for one-dimensional magnitudes treated | tic, would add life and interest to those 
as scalars; then, when the need was felt | studies which would react on the whole 
from the occurrence of problems requir-| of his mental training. 
ing more knowledge of algebra, adding} I may note, further, that our scheme 
more, and so on continually, keeping up|seems to give the best answer to the 
the study of algebra concurrently with,|} question which has frequently been 
and only slightly in advance of, the re-| mooted of late, in our Association as 
quirements of the subjects to which it is| well as elsewhere, whether statics should 
applied. | precede kinetics, or whether it should be 
Again, our scheme suggests, I think, a | treated as a particular case of the more 
definite answer to the question :—What | general science. Linear kinematics and 
minimum of mathematics is it reasonable | kinetics, being one-dimensional and 
to expect every educated man, not pro-|scalar, may well precede the study of 
fessing to be a mathematician, to have | statics, which deals with vectors, though 
acquired? not of necessity in the case of one who 
I think there are few who are satisfied | bas attained sufficient knowledge of ele- 
with the answer practically given to this | mentary geometry not to be stopped by 
question by our Universities in their | mere geometrical difficulties , but vector 
first examinations for matriculation or|or uniplanar kinetics, on account of its 
degrees. At Cambridge, the question | much greater complexity and its conse- 
with reference to the “ Little Go” Ex-| quent larger demands on mathematical 
amination is even now under consider- | attainments, would in general naturally 
ation. I would submit that the subjects | follow a somewhat detailed study of 
included within our one-dimensional | statics. 
scalar stage, together with elementary| I will take this opportunity of making 
geometry and statics, treated geometric- | one other remark, which, if it does not 
ally, or by graphical methods only, from | directly arise out of the present discus- 
the two-dimensional, would constitute a| sion, is closely akin to it, and that is on 
far more satisfactory minimum than the; the importance of our teaching of the 
present. This would exclude a good | several branches of mathematics being 
deal of the algebra now expected and | proleptic, or looking forward in one stage 
the trigonometry, but would add linear|to what will be required in a higher 
kinematics and kinetics. The student, | stage. In definitions, for instance, of 
who had gone through such a course, | two that are equally good for the imme- 
would not probably be able to effect any | diate purpose, that one is to be preferred 
but the simpler algebraical reductions or | which will be intelligible and useful when 
solve any but the simplest kinds of equa-|the term defined comes to be extended 
tions; but he would have gained some | to higher matter. 
notion of ‘what an algebraical formula) Thus I conceive that multiplication 
means as the expression of a law, and be should be defined from the outset in such 
able to deduce from it numerical conse- a manner as would make it applicable to 
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a fractional as weil as to an integral|a suggestion on its own merits. Prof. 
Ii Icx ‘ain that to multiply| Chrystal has complained that to many 


6 by 5 is to repeat 6 tive times and find | students even when beginning coordinate 
the aggregate result, my explanation | geometry the idea of the order of a term 


fails when I am asked to multiply 6 by| or an expression is unfamilar. 


Now it 


8; but if Iuse De Morgan’s definition |has occurred to me that this is just the 
that “multiplication consists in doing} word wanted, to replace the five-syllable 


with the multiplicand what is done with |word “characteristic,” 


which has been 


the unit to form the multiplier,” or an} used (or perhaps has xot been used just 
explanation of multiplication cast in this} because it is pentasyllabic) to express 


form, I have given an explanation equally 

t=] “ 
simple with the former and applicable 
also to a fractional multiplier. 


Again, in the very beginning of arith- 
metic, which is counting, I maintain that 
much would be gained if from the first 
the child were taught to count, not one, 
two, &¢., but nought, nothing, or zero, 
one, two, three, &c.; and then if, later 
on, ordinal reckoning were made to 
accord with this, though here unfortu- 
nately language and usage fail to supply 
the word wanted, for which, for want of 
a better, I must coin the form zeroth 
(noughtth or nothingth being out of the 
question), thus: zeroth, first, second, 
&c. Then the transition to counting 
below zero by negative numbers would 
follow at once as by a natural develop- 
ment, when the need for it arose. Thus 
when it came to the notation of num- 
bers, the place of a digit would properly 
be reckoned from the units as the zeroth 
place (not the first), and would be ex- 
tended naturally by negative ordinal 
reckoning downwards, when decimal 
fractions are introduced. 


This leads me to another illustration, 
which I am also anxious to introduce as 





the distance of any digit of a number in 
order from the unit’s digit. Let us 
speak of the unit's digit as of the order 
0; the tens, hundreds, &., digits of the 
orders 1, 2, &c.; and the tenths, bun- 
dredths, &c., of the orders—1,—2, &c. ; 
and add to this that a number is said to 
be of the same order as that of its high- 
est significant digit, and we have a lan- 
guage not only of the utmost use and 
importance in decimal arithmetic, but 
also at once applicable by the most nat- 
ural extension to an algebraical expres- 
sion arranged according to the powers 
of some letter or letters, while it would 
enable us conveniently to express in lan- 
guige numbers which transcend our 
ordinary numerical vocabulary, so that, 
for instance, 51X10" might be read as 
53 of the 12th order, and 53X10-"? as 
53 of the—12th order, and so on. 

In conclusion I will only add that, if 
in this paper I have in any purts ex- 
pressed myself somewhat dogmatically, I 
have done so in the hope of challenging 
discussion, and only claim the acceptance 
of the views which I have tried to ex- 
press distinelly, if briefly, in the event 
of discussion resulting in a verdict in 
their favor. 
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By JOHN SLATER, B.A., F.R.LB.A. 


From “The Building News.” 


I nave to-night to ask your attention 
to the means to be adopted for rendering 
buildings stable, and securing good 
foundations. This question of foun- 
dation is, perhaps, the most essential of 
any with which persons connected with 
buildings have to deal, for if the foun- 
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dation be faulty, the superstructure, even 
if it should stand, will certainly suffer. 
It will be totally useless for the architect 
to design, or for the deft fingers of the 
mason to elaborate, the most delicate 
window-tracery, the most graceful piers 
and columns, the most stately towers 
and domes; or for the artist to enrich 
these creations with the most brilliant 
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efforts of his genius, unless the edifice 
be founded so that no cracks or settle- 
ments occur to deface the decorations. 
In some localities, as for instance, where 
rock crops up close to the surface, a na- 
tural foundation is obtainable, which 
cannot be improved upon; but in the 
majority of cases, and especially in Lon- 
don and its neighborhood, it is almost 
impossible to find a good natural foun. 
dation without digging to a depth that is 
practically out of the question, on the 
ground of expense. Hence it is neces- 
sary to form artificial foundations, and 
the material principally used for these is 
concrete. Although the use of concrete 
as a building material is of comparatively 
recent date in this country, it was known 
and extensively used by many of the na- 
tions of antiquity. There is ground for 
thinking that the Greeks were not un- 
acquainted with its use, especially in 
the Italian colonies of Magna Grecia; 
and as far distant as Mexico, in many of 
those curious pyramidal buildings which 
are the remains of an unknown civiliza- 
tion, concrete foundations have been dis- 
covered. But when we come to those 


grand old builders, the Romans, who 


were, par excellence, the scientific con- 
structors and engineers of ancient times, 
we find that they used concrete to an ex- 
tent with which nothing that has as yet 
been done in modern times can compare. 
One reason for this was that the Romans 
found ready to their hand the best ma- 
terials that exist in the whole world for 
making good concrete—viz., the traver- 
tine limestone, the pozzolana, which is a 
fine sandy earth of volcanic origin, and 
a beautiful clean, sharp sand. The use 
of concrete by the Romans dates back as 
far as the time of the Kings—i.e., an- 
terior to 509, zs. c.; and no less than five 
kinds of concrete walls are described by 
Prof. Middleton, who has recently de- 
voted a great deal of careful attention 
to the methods of construction of the 
Romans. In addition to using concrete 
for foundations, they used it without any 
facing for walls, which were constructed 
very nearly as described in Mr. Tall’s or 
Mr. Drake’s patents, which were taken 
out a few years ago. Wooden posts 
were fixed in the ground about 3ft. 
apart, and boards were nailed horizon- 
tally to the posts, and then the inter- 
mediate space was filled in with concrete 
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in a semi-fluid state, and as soon as this 
had set, the boards were moved one 
stage higher. Thus the concrete formed 
‘one perfectly solid mass, and some of 
these early Roman walls are so solid and 
hard still that quite recently it has been 
found necessary to destroy them with 
dynamite in the course of improvements 
that have been made. Even when the 
‘Roman walls appear to be of brick or 
‘marble, this is in every case a mere fac- 
ing or veneer, and the core of the wall 
is of concrete. They also largely used 
this material in consiructing very exten- 
‘sive vaults, for supporting upper floors, 
staircases, ranges of seats, &c. Con- 
‘crete also formed the basis of all Roman 
roads; in the early examples the blocks 
'of stone laid on the concrete were much 
more closely jointed than was the case 
afterwards. There can be no doubt that 
‘the lasting nature of the Roman con- 
crete was due, in addition to the exce!- 
lent materials, to the careful way in 
iwhich it was made, and I shall have to 
‘refer again to the method of making 
/concrete adopted by the Romans. The 
‘French have been very great users of 
|concrete, or déon, as it is there called, 
since the year 1820, and the material has 
‘been used in enormous blocks in docks 
lat Toulon, Marseilles, and other places, 
land in the construction of the Mole at 
Algiers, and the breakwater at Cher- 
| bourg. In this country concrete was 
|employed in very early times, as, for in- 
| Stance, in the foundations of Westmins- 
ter Abbey, aud in the older portions of 
the sub-structure of St. Paul’s; but its 
use died out, and for a long while the 
only method adopted for making stable 
artificial foundations in bad soils was 
pile-driving. Although Mr. Semple, of 
Dublin, in 1776, suggested the use of a 
mixture of sand, gravel and quicklime 
for structural purposes, it was not till 
the beginning of this century that con- 
crete was recognized as a building ma- 
terial. Colonel Pasley says that the first 
use of concrete for foundations was by 
Mr. Smirke at the Millbank Penitentiary 
in 1817, and there is a story that the dis- 
covery, or rather re-discovery of the fact 
that lime wouid combine with gravel and 
form a sort of artificial stone was a pure 
accident, owing to the upsetting of a 
barge-load of lime during the erection 
of Waterloo Bridge, when it was found 
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that the loose gravelly bed of the river 
had been rendered hard and compact by 
the action of the lime. Now, what is 
concrete? It may be defined as an arti- 
ficial stone composed of a mixture of hard 
materials, such as ballast, flints, stone 
chippings, broken bricks, pottery, or iron 
slag, called the “aggregate,” and a 
cementitious material called the “ mat- 
rix,” thoroughly combined, together 
with a sufficient quantity of water. The 
value of the concrete depends almost | 
entirely upon the quality of the cemen- 
titious material, whether lime or cement, 
and it is most important that you should | 
clearly understand the difference in the | 
properties of various kinds of lime. I 
must make a short digression here in 
order to describe them. You are, of 
course, all aware that lime is produced | 
by burning limestones, and upon the| 
constituents of the limestone depends 
the quality of the lime. First, there are 
the rich limes produced from stones 
which are perfectly pure carbonate of | 
lime—such as the upper and middle 
chalk formations and 
marble. Lime made from these stones 


is commonly called chalk-lime, and is 


much used for mortar and concrete in 
country districts where chalk is plenti- 
ful. This lime, when mixed with water, 
commences to slake, as it is called—i.e., 
it swells, hisses, give off hot vapor, and 
falls into powder; and if it be then 
mixed with water, it will always remain 
of the same consistency, and never 
harden at all; and as it is soluble in 
fresh water, mortar made of chalk lime 
should never be used for external work, 
as the action of the weather will soon 
render the joints quite soft, and anyone 
who has been present during the pulling 
down of buildings, the mortar of which 
was composed of chalk lime, will have 
noticed how easily the bricks are separ- 
ated, and what a large amount of dust 
comes from the demolition. Then come 
the poor limes, made from the argil- 
laceous or clayey limestones, which con- 
tain, in addition to the carbonate of 
lime, various foreign substances, chiefly 
silica and alumina, and often a small 
quantity of oxide of iron. The exist- 
ence of a small quantity of these foreign 
substances—as in the Dorking, Halling, 
and Merstham limestones—causes the 
lime made from them to show much less 


white statuary | 


violent action when slaked, wail enables 
it to set after slaking, but not under 
water. Next come the blue lias 
limestones, which contain a_ greater 
| quantity of silica and alumina, and pro- 
duce what is called hydraulic limes, 
which will set and continue to harden 
under water; and after these come the 
so-called natural cement stones found in 
| the London clay formations at Harwich, 
Sheppey and the Isle of Wight, or in 
parts of Yorkshire, in the clays of the 
oolitic series. These contain even more 
silica and alumina, and from them used 
to be manufactured the Medina and 
Roman cements which had the power of 
hardening under water very quickly. 
These cements enjoyed a high reputa- 
— for many years, but they are now 
almost entirely superseded by the arti- 
| ficial cements of which Portland is the 
| type. You may take it roughly that 
‘rich limes contain over 90 per cent. of 
carbonate of lime; greystone limes, 
such as Dorking, about 80 per cent. ; 
| blue lias from 66 to 70 per cent., and 
— 40 to 50 per cent. W hen it 
yas a well-ascertained fact that for 
building purposes lime obtained from 
the limestones containing a considerable 
proportion of argillaceous earth was the 
best, the idea beg: an to gain ground that 
an artificial cement could be manufac- 
tured by mixing chalk with various kinds 
of clay and calcining the mixture. The 
patent granted for the manufacture of 
an artificial cement of this kind, called 
Portland cement, from its resemblance 
when set to Portland stone, was taken 
out by a Mr. Aspden in 1824, who de- 
scribes himself as of Leeds, in the 
county of York, bricklayer; but the 
manufacture was not placed on a really 
scientific basis till Colonel Pasley carried 
out his elaborate series of experiments 
during the years 1826 to 1836. Asso 
often happens with scientific discoveries, 
it appears to have been by pure accident 
that he discovered, after many failures, 
the superlatively good qualities of the 
alluvial clay or mud of the lower basins 
of the Thames and the Medway. This 
clay, which has been deposited in the 
tidal waters of these rivers, contains 
exactly the right proportions of silica 
and alumina for combining with the 
chalk. It would take too long to de- 








scribe in detail the manufacture of Port- 
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land cement; but, briefly, it is this: the | 
chalk and clay in the proportion, as a| 
a rule, of about 70 per cent. of the | 
former to 30 per cent. of the latter) 
(though these proportions vary with the | 
nature of the chalk), are ground under 
rollers and intimately mixed tog ‘ther | 
with a great quantity of water until the 
mixture is of the consistency of thin | 
paste, which is allowed to settle, the | 
water is drawn off, and the residue is left | 
to dry. This is then cut out in lumps | 
and taken to the kilns, where it is burnt 
at a high temperature, and it is very im- | 
-portant that the whole of the mixture | 
should be thoroughly burnt. The effect | 
of the burning is fo drive off all the | 
carbonic-acid gas, and to leave the mix- | 
ture in the form of clinkers. These are 
then carefully ground to a powder under 
millstones, to such a degree of fineness 
that it will all pass through the meshes 
of a sieve having 625 holes to a square 
inch. The weight of the ground cement 
should be as nearly as possible 1 ewt. 
per striked bushel, and the specific 
gravity 3.00. The essential difference 
between lime and cement is that lime 
slakes with the addition of water, while 
cement does not; lime powder, after 
slaking, will not set if mixed up with 
water, unless sand be added to it, waile 
cement will set at once, and equally well 
in the water and the air. The property | 
of setting quickly, and setting under 
water, makes Portland cement of the 
greatest value, and its use for concrete | 
is extending every day. Now, with re-| 
gard to the aggregate, this may consist 
of ballast, stone chippings, broken bricks, | 
&c., but the latter should never form the | 
whole substance of the aggregate, and 
care should be taken that the pieces are 
not too large. In the case of ballast, it | 
is most important that it should be clean 
and free from any admixture of loam or | 
earthy substances. And there is one} 
other point to be remembered, which is, 
that the concrete will be much stronger 
for the admixture of a small quantity of 
sharp sand, which will fill up the inters- 
tices between the pebbles, &c., and will | 
make a much more solid mass of the | 
whole. Having thus described the ma- 
terials of which concrete is composed, I 
now come to the mixing process, and 
this is a matter which is far too often 
neglected. We all know the good old| 
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rule-of-thumb way in which ordinary 
builders’ laborers mix up the concrete: 
a heap of ballast and broken bricks is 
piled up, a certain, or rather very uncer- 
tain, quantity of lime is poured ont on 
it from a sack; then water is added ac. 
cording to the discretion of the mixer, 
and the mass is quickly turned over end 
wheeled or shot into the trench; and a 
very superficial examination is often 
sufficient to show numerous nodules 
of unslaked lime after it has been thrown 
in. Now, this is a most unscientific and 
improper way of preparing concrete ; 
the great essential is that the Jime should 
all be perfectly slaked during the mixing 
of the concrete before it is thrown into 
the trench, and that exact proportions 
should be maintained. For ordinary 
foundation purposes, if what is called 
stone lime be used, two measures should 
be prepared, the cubical contents of the 
one being four times that of the other. 
The large measure should be filled with 
ordinary ballast, and turned out on a 
boarded platform; to this should be 


| added a small measure full of sand, and 


then a small measure full of lime; this 
will give the proportion of five parts 
ballast and sand and one of lime, and 
if this be well mixed and turned over 
after the water is added, which should 
be done gradually and in small quanti- 
ties, it will make a very good concrete 
for ordinary purposes. If the ballast 
and sand before the admixture of the 
lime amount to a cubic yard, it will be 
found that about 30 gallons of water 
will be required to mix it thoroughly. 
This mixture should be then wheeled 
and thrown into the trenches, not from 
a great height, as used to be considered 
essential, for, if so, the heavier particles 
tend to fall to the bottom first, and the 
mixture will not be so well amalgamated, 
levelled and rammed. The French 
method of making concrete, or dé/on, 
which is almost exactly the same as that 
adopted by the old Romans, is undoubt- 
edly superior to ours. They invariably 
mix up the lime and sand to form good 
mortar first, and then mix in the pebbles 
with it. A heap of good stiff mortar is 
first prepared, with a moderately ly- 
draulic lime and sharp sand; a barrow- 
full of pebbles, which have been washed, 
are then spread out on a platform ; over 
it is spread a barrowfull of mortar; 
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then a second barrowfull of stones, and 
and then another of mortar, and the 
whole is turned over with spades, and 
dragged backwards and forwards with 
rakes till the pebbles have become thor- 
oughly enveloped in the mortar, and the 
whole mass is then thrown into the 
trenches. An extra precaution against 
deterioration of the concrete by contact 
with loamy earth is adopted in the best 
work by covering the bottom of the 
trench with a thin layer of sharp sand. 
The washing of the ballast is an excel- 
lent thing, as it tends to clear it from 
any earthy particles that may have be- 
come mixed with it. ‘There can be no 
doubt that this is a far more scientific 
method of making concrete than the 
former. If the mortar is well made you 
get the pebbles more thoroughly amalga- 
mated, and you insure that the lime 
shall be thoroughly slaked before the 
concrete is spread; but it is also more 
expensive, and I should not consider it 
necessary to use this method in ordinary 
cases. But where the soil is very wet, 
or in any case where the stability of the 
foundations is of very great importance, 
I should always recommend tile use of 
cement concrete. With ordinary care in 
mixing this, supposing the materials are 
of good quality, you know you can rely 
upon its setting quickly, and forming a 
perfectly solid foundation, and you need 
be under no apprehension of having it 
spoilt by the inroad of water. The cost 
is more than that of lime concrete; but 
not so much more as the difference in 
cost of lime and cement, because you 
can use less cement proportionally. Six 
parts, of ballast, one of sand, and one of 
Portland cement will make a concrete 
good enough for almost anything in the 
way of foundations. Care should be 
taken that not too much water is used. 
Faraday, the eminent chemist, said that 
in the production of concrete the great 
thing was the discreet and accurate use 
of water. If too much be used, it will 
wash the cement away from the particles 
of the mass before it has time to become 
thorougly indurated. If the trench in 
which the concrete is to be spread is not 
too deep—that is, not above 18 in.— my 
own opinion is that you will get a harder 
and more solid mass by filling it up at 
once to the full thickness, and not put- 
ting the concrete in in layers; but if you 
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have to put the concrete 5ft. thick, it 
must, of course, go in layers. In any 
case, it will be much improved by being 
well rammed after levelling. In such a 
material as concrete there must be a 
number of minute air spaces. You can 
see them with the naked eye in concrete 
that has set, and the act of ramming 
will drive out much of the interstitial 
air, and make the particles of the mix- 
ture more compact; and the denser such 
a material is, the stronger itis. Numer- 
experiments have been made to 
the loss of bulk in making 
concrete. Professor Hayter Lewis found 
that 27 eubice feet of Thames ballast, 
mixed with 4} cubic feet of lime, and 40 
gal. of water, made exactly one cubic 
yard of concrete, and, in some tests 
made by the Royal Engineers, it was 
found that 27 cubie feet of broken 
stones, 9 cubic feet of sand, 4$ cubic 
feet of Portland cement, and 25 gal. of 
water, exactly made a eubie yard. The 
difference between the two experiments 
may be accounted for entirely by the 
presence of the sand in the latter case, 
because the probability is that if a meas- 
sure containing a cubie yard were filled 
with broken stones or ballast, it would 
still hold 8 or 9 cubic feet of fine, sharp 
sand because the pebbles would not lie 
close. It is sometimes stated that con- 
crete expands after being mixed. If it 
does, it is because it has been impro- 
perly mixed, and any expansion that 
takes place after mixing can only cause 
some disintegration to take place. 
Hitherto I have spoken of concrete as 
used for foundations only; but there 
ure muny other purposes for which the 
material can be employed. I suppose it 
is not much more than twenty years ago 
that, building materials and labor being 
at a very high price, and by no means of 
very high quality, the idea began to gain 
ground that concrete might be used for 
the walls of buildings. I have already 
alluded to the fact that the Romans used 
it for these purposes, and that, too, 
although they only had lime, whereas 
we have Portland cement. but the mix- 
ing of the pozzolana, which I have 
previously mentioned, with the lime gave 
it many of the characteristics of a 
cement. The Italian architect, Palladio, 
writing 300 years ago, gives a very good 
account of the Roman method of wall 


ous 
ascertain 





os 


ee ee ee ee 


462 VAN NOSTRAND’S ENGINEERING MAGAZINE. 


construction. He says: “The ancients 
used to make walls called ‘ reimpiuta’ 
—i.e., filled up with ragged stones— 
which is also called coffer-work, taking 
planks and planting them edgewise in 
two rows, distant from one another the 
thickness of the walls, and filling the 
space between them with cement, stones 
of all sorts, earth and mortar mingled 
together, and so on from course to 
course.” This method of using concrete 
for wails is called monolithic, the con- 
crete being simply poured in a semi- 
fluid state into the position required, to 
which it is confined by boards, and it 
sets in that position, so that the whole 
of the wall is one 6éompact homogeneous 
mass. Another method is to form slabs 
of concrete by casting it in moulds, and 
allowing it to set there, and the slabs are 
then tuken out of the moulds and ear- 
ried to the place required, and used in 
the ordinary way, just like bricks or 
stone. The former system, if only ordi- 
nary care be taken, makes undoubtedly 
the strongest work, as there are no 
joints, either vertical or horizontal, and, 
moreover, no skilled labor is required in 
this construction, ordinary Jaborers being 
able to mix the ingredients and fill in as 
required. Several systems of apparatus 
have been invented for confining the 
concrete to the requisite thickness of 
wall and for shifting the moulding boards 
from one stage to another, and many of 
these are of a somewhat complicated 
character ; but it is very doubtful if any 
material advantage is gained over the 
simple plan of nailing the boards to up- 
right posts and filling in between. Walls 
thus constructed are really stronger than 
brickwork, drier, and more cheaply built ; 
but great,care must be taken in the pre- 
paration of the concrete: the cement 
must be of the best; the aggregate must 
be broken to the proper size, and the 
whole thoroughly well mixed. If these 
precautions are taken, the thickness of 
the walls may be about 20 per cent. less 
than with brick. The Metropolitan 
Board of Works, after a long deliber 
ation, have at length announced their in- 
tention of sanctioning the use of con- 
crete as a building material for walls in 
London, and place the following restric- 
tions on its use—viz, that the propor- 
tions shall be one part of cement, two of 
sand, and three of coarse materials, 





which may be ballast, gravel, broken 
bricks or stone, or furnace clinkers ; but 
the coarser materials are to be broken 
small enough to go through a 2 in. ring. 
The walls are to be of the same thick- 
ness as brick wal®, and to be carried up 
between parallel frames, and the district 
surveyors are to see that the regulations 
are properly carried out. I think these 
regulations too strict as to the thickness 
of the walls, and as to the proportion of 
cement, particularly as extensive ranges 
of buildings have been put up in South- 
wark where the cement was gauged 
eight to one. I rather pity the district 
surveyors in their work of supervision ; 
but the Board seem to have missed the 
most important point of all—viz., the 
quality of the cement—and they cer- 
tainly ought to give their officers power 
to test this, for, as I have pointed out, 
serious consequences will ensue if this 
be not of the best kind. The second, or 
block system, has, however, some advan- 
tages: no particular building apparatus 
is required; any imperfections in the 
concrete cau be discovered before it is 
used; the blocks can be made of any re- 
quired section and of any size, and per- 
manent tints can be given to the blocks 
by mixing various mineral coloring mat- 
ters with the aggregate in the moulds. 
But for laying these blocks, just as much 
skilled labor is required as is the case 
with bricks and stone, and, of course, 
mortar and cement must be used to bed 
the blocks in; in fact, this is merely 
artificial blocks of stone instead of nat- 
ural ones; but this artificial stone is 
really concrete, and as such it possesses 
virtues which may be sought in vain in 
any of the natural building stones, and 
therefore no lecture on concrete would 
be complete without a reference to the 
artificial concrete blocks which are very 
extensively used at the present time. I 
believe the first artificial stone which was 
used in this country was Ransome’s, 
which was patented in 1844 or 1845. 
This consisted of a mixture of sand, sili- 
cite of soda, powdered flints, and a 
little clay, which was worked up to the 
consistency of putty, pressed into moulds, 
dried and burnt, and this burning, in my 
judgment, takes the material out of the 
category of concrete stones. Some years 
later, however, Mr. Ransome found that 
by dipping the moulded mixture into a 
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bath of chloride of calcium the burning 
could be dispensed with, and a series of 
experiments made in 1861 by Professor 
Frankland showed most conclusively 
that Ransome’s patent concrete stone 
when only a fortnight old was equal to 
the best of the natural stones. Soon 
after Mr. Ransome’s first patent, in 1847, 
a Mr. Buckwell obtained a patent for 
“Granitic brescia stone,” which, I be- 
lieve, was used in 1851 in the Hyde Park 
Exhibition. This wase ssentially a con- 
crete, as it conSisted of fragments of 
suitable stone, broken into small pieces 
and mixed with cement, with a small 
quantity of water, not more than enough 
to bring it to a damp state. This was 
put into a mould and powerfully com- 
pressed with a percussive action, and 
more of the materials added, until the 
requisite thickness of block was obtained. 
The block was thus rendered very dense 
and compact, and this artificial stone 
was used for water-tanks, than which no 
severer test can be applied of the quali- 
ties of an artificial stone. At the present 
day the artificial stone which is most 
used is the well-known Victoria stone, 
the patent for which was originally ob- 
tained by a Mr. Highton. The aggre- 
gate of which this stone is composed is 
ground Leicestershire syenite, a species 
of granite containing horn-blende instead 
of mica, and lacking quartz, which is 
thoroughly washed, so that no earthy 
particles remain, and an ingenious ma- 
chine has been patented for doing the 
washing business. After being washed, 
the aggregate is carefully mixed with a 
certain quantity of Portland cement of 
the very best quality, and is placed in 
iron-lined wooden moulds, which are 
filled to the top, but no pressure is ap- 
plied; after the concrete is set it is 
taken from the moulds and placed ina 
bath of liquid silicate of soda, and after 
ten days’ immersion, the block becomes 
so thoroughly impregnated with silica 
that nothing but the strongest acids will 
free it again. The stone thus becomes 
intensely hard, and quite impervious to 
weather action—in fact, its hardness in- 
creases with time. This property makes 
it invaluable for copings, sills, paving, 
&c., and it has another advantage over 
ordinary stone—that heads and sills can 


be cast in as long lengths as can be de-| 
It is used! 


ired, thus avoiding joints. 
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also for sinks and other such purposes. 
The silica used in the manufacture of 
this stone is obtained from the Farnham 
stone found under the Surrey chalk beds, 
and is boiled in coppers with caustic 
soda. One of the most enterprising 
modern pioneers in concrete building 
was the late Mr. W. H. Lascelles, of 
Bunhill row, who was a most sanguine 
believer in the future of this material. 
Mr. Lascelles actually built cottages, 
which were not only habitable, but com- 
fortable, the walls of which were only 14 
in. thick, formed of slabs of cement con- 
crete, the outer side cast in imitation of 
brick or tiles, and the inner side left 
rough for plastering. These very thin 
walls appear to have kept out the weather 
perfectly, but moisture condensed on the 
inner face, so Mr. Lascelles improved 
upon his original idea by having a 
double éasing of slabs with a cavity be- 
tween. He also formed floors of con- 
crete, window-frames and roofs; but the 
latter did not turn out very successful, 
as there was always a certain amount of 
shrinkage. This system did away al- 
most entirely with the use of wood, and 
consequently the houses so built were as 
near being fireproof as they could be 
got. Mr. Lascelles’ concrete is com- 
posed of four parts of powdered coke 
and one part of cement mixed together 
in a mill, with a small quantity of water, 
and cast in moulds without pressure, and 
by mixing metallic oxides in the form of 
powder with the cement, the concrete is 
colored any desired tint. Very excellent 
specimens of mullioned windows, chim- 
ney caps, head and sills, strings, copings, 
panels, and over-mantels are made in 
this material, and are largely used as a 
substitute for stone, and it is much 
cheaper than stone; but I-am bound to 
say I have seen cases where the color 
bas not been retained as it ought to be, 
and I am informed that this is caused by 
the workmen giving the slabs a top 
dressing of colored cement after they 
come out of the moulds. Of course this 
should never be done, as the color should 
really penetrate some depth into the 
mass of concrete. For standing a Lon- 
don damp and smoky atmosphere there 
can be no doubt of the great superiority 
of this concrete to almost any natural 
stone. Messrs. Lascelles also make a 
very good wall on what is termed Pot 
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ter’s patent. In this, a casing of con- 
crete slabs, of which one face is fair, is 
put up, and ordinary concrete filled in 
between just as in the way I described in 
the wooden framework; but as the slabs 
are intended to remain, they are formed 
with a key, so that when the core of con- 
crete sets, it is quite impossible for the 
skin of slabs to move. Among the 
numerous purposes for which this ma- 
terial is used may be mentioned silos, 
water-tanks, sewer-pipes, columns, Xe. 
It would occupy too much time were I 
to attempt a description of all the 
methods of concrete construction that 
have been invented, such as_ Tall’s, 
Drake’s and others ; but the most recent 
of them—the system patented by Messrs. 
West—has various novel features about 
it which deserve attention. This, like 
Potter's system, is a slab construction 
filled in with rough concrete » but the 
form of the slabs is ingeniously arranged, 
so that no temporary tie or external sup- 
port is required during building. The 
slab itself is made of concrete cast in a 
mould, so that on one side is a finished 
face, plain or ornamental, as the case 
may be, and on the other a sunk panel 
about half the thickness of the slab it- 
self, with its edges undercut, so that 
when in position, and the mass of semi- 
liquid concrete is poured in, the slabs 
are securely keyed to the general mass. 
Dovetail mortise-holes are also formed in 
the top and bottom edges of the slabs, 
in order that when laid they may be kept 
in their proper place by simply pouring 
into these holes some quick-setting 
cement. There is also a narrow groove 
along the edges of the slab which, when 
filled with cement, acts as a joggle joint, 
keeping the slabs together. An imner 
and outer casing of slabs is thus set up, 
and the plastic concrete poured in, filling 
up the sunk panels and making with the 
slabs a perfectly solid wall. For open- 
ings, jams are moulded, having recesses, 
or dovetailed holes, into which the fluid 
concrete may penetrate, so that they can 
be thus keyed to the general mass of the 
wall. ‘The slabs are made either rectan- 
gular or hexagonal on plan, and as they 
are all cast in a mould, there is, of 


course, not the slightest difficulty in| 


arranging for circular work, splayed 
angles, or anything of that kind. There 
has always been considerable difficulty in 


VAN NOSTRAND’S EN 





GINEERING MAGAZINE, 


enriched 


moulded or 
stringeourses or projections, with con- 
crete, and this difficulty is proposed to 
be overcome by casting the moulding 
first and then applying it to the slabs 
while they are in a plastic state, the 


arranging for 


moulding thus becoming part of the 
slab, which is then fixed in the required 
position. The moulds for casting these 
slabs are made of metal and lined with 
indiarubber. Similar slabs can 
moulded with curves for constructing 
domes, and ceiling slabs can be made 
with rebates, so that they can be sup- 
ported on iron joists or girders. This 
system of concrete building is certainly 
the most scientific and the most com- 
plete that has yet been invented, and I 
have no doubt whatever that a building 
thus erected would be perfectly dry and 
very strong; but I am somewhat dis- 
posed to think that the system is a little 
too complicated to be cheap, as the labor 
required for properly setting the slabs in 
place and cementing them _ together 
would nearly equal that required fora 
stone wall. The inventors have, how- 
ver, shown so much skill in maturing 
their design and providing for all diffi- 
culties, that it is quite possible they may 
soon be able to point to actual works 
carried out on their principle, and to 
give accurate details of cost, which Iam 
not able todo now. A very ingenious 
traveling scaffold and concrete elevator 
have also been invented by Messrs. West, 
which obviate the necessity of erecting a 
scaffold all round the work, and require 
no putlog holes to be left ; and undoubt- 
edly some such arrangement as this has 
been a great desideratum as an auxiliary 
to concrete construction. There can be 
little doubt that this system of concrete 
building would be of most material use 
in the construction of farm buildings, 
cottages, &c., in country districts far re- 
moved from railways, as the slabs are 
light and portable, and the material for 
the filling can generally be obtained on 
the spot. For paving purposes, concrete 
is, of course, excellently adapted ; but it 
is very difficult to get ordinary workmen 
to lay a concrete floor properly. What 
they like is to lay the concrete and let it 
get hard, and then finish off the top 
| with a thin coating of neat cement. This 
looks very well when it is first done; but 
‘sooner or later the thin coating begins 
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to flake off or crack, and looks very bad. 
The proper way is to break up the ma- 
terials of the concrete to a small size, 
and then, in laying it, to trowel it off at 
the top as smooth as possible, so that it 
is all one mass and no layers exist. | 
Portland cement should always be used, 
and if ordinary care be taken, there is no 
reason why a laborer should not lay an 
excellent concrete floor. There are many 
patents for conercte paving, of which I 
may mention Drake’s granitic concrete 
and Macleod’s granitic, which has been 
largely used in the North of England 
for warehouses, stables, &c. It is not | 
cast in blocks, but laid in sifu, and it can 
be made to take somewhat of a polish if 
desired. This forms an extremely hard, 
impermeable pavement, and it looks very 
well; but I really believe the whole | 
secret of the excellence of these patent 
systems of paving lies in the careful 
manipulation of the materials and the 
sparing use of water. I may state here 
that for engine-beds concrete is, in many 
respects, far superior to stone, as it is 
not liable to chip and crack, and it is 
very much less expensive. I now come 
to the last division of my subject, and 
that is the use of concrete for vaults, 
and in fireproof construction. Everyone 
is acquainted with the fact that an ordi- 
nary-arch exerts a thrust which has to be 
counteracted, or it would soon push out 
its abutments. A concrete arch, how- 
ever, after it has set, forms a complete 
homogeneous mass, and exerts only a 
dead weight on its supports. The Ro- 
mans were aware of this, and constructed 
the boldest and most extensive vaults of 
concrete—as in the Baths of Caracalla, 
and the House of the Vestals lately ex- 
cavated. They were careful, moreover, 
to make the concrete used for these pur- 
poses of lighter materials than that em- 
ployed for walls or pavements. The 
great dome of the Pantheon was con- 
structed entirely of concrete of varying 
thickness, and the walls supporting this 
enormous mass were 20 ft. thick. In the 
House of the Vestals the whole of one 
of the upper floors, about 20 ft. span, 
consisted entirely of a great slab of con- 
crete 14 in. thick, merely supported by 
corbels projecting from the walls, and in | 
the Baths of Caracalla there are still ex- 
tensive remains of large concrete vaults. 
We, in this country, have not yet ob-| 


i fully at the f: 


tained satisfactory evidence of the safe 
span and thickness of a concrete vault; 
but the material is very largely used to 
form small arches in fireproof floors. It 
is quite impossible to treat the very im- 
portant question of fireproof buildings 
ie end of a lecture—the 
subject demands a whole evening to it- 
self; but whatever system of tireproof- 
ing be adopted, concrete will prove to be 
the most important element in it. 


| Whereas, the opinion used to be held 


that iron girders and columns as sup- 
ports to a building were sufficient to 
make it fireproof, we have been taught 
by sad and costly experience that this is 
very far indeed from being the case. In 


the United States and in France they 


are much more particular than we are in 
this matter, and, in the former country, 
it is laid down as an incontrovertible 


‘maxim “that no building can be fire- 


proof unless ajl constructional ironwork 
be protected,” and no better material can 
be found as a protection than concrete. 
Stone is utterly valueless in this respect, 
as it will crack when heated, and give 
way without any warning whatever. Fox 
and Barrett's system consists in filling in 
concrete between wrought-iron joints, 
the concrete being supported on fillets of 
wood placed about $ in. apart, and rest- 
ing on the bottom flanges of the iron 
joists, the underside of the wood fillets 
being plastered. Either the concrete is 
carried up the requisite height and forms 
the floor, or if a wooden floor is required, 
small joists are cut to a dovetail section 
and imbedded in the concrete, and the 
floor boards nailed to them. Dennett’s 
system is almost exclusively a concrete 
construction, consisting of concrete 
arches supported next the walls on pro- 
jecting courses, and by hollow iron joists 
ut intermediate points. In this system 
gypsum is mixed with the Portland 
cement to form the matrix, as experi- 
ments have shown that this substance 
can be heated to whiteness and then sud- 
denly cooled without being injuriously 
affected. In Hornblower’s system the 
iron girders are surrounded by cement, 
and inclosed in a fireclay casing, sup- 
porting fireclay arches. Even concrete 
arches supported on triangular-shaped 
wooden joists form a floor which 
is very largely fireproof. If iron columns 
are used, a temporary wooden casing 
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should be erected round them, leaving a 
space of about 2 in., which should be 
entirely filled up with Portland cement 
concrete, and if a fine face be desired 
this can easily be obtained by cementing 
the concrete. Messrs. Lindsay have 
patented two systems which comprise 
the use of steel decking, as it is called, 
and concrete arches, the girders being 
entirely covered with concrete, both at 
top and bottom. The concrete used by 
this firm is very light; it is called pum- 
ice concrete, and is composed of washed 
coke breeze and sand mixed dry and 
Portland cement of the very best quality. 
It is, of course, self-evident that if you 
get sufficient adhesiveness and _trans- 
verse strength, the lighter the mass of 
concrete is for upper floors or vaults, the 
better, as so much less weight is thrown 
upon the supporting walls or columns. 
The steel girders for this kind of floor 
are of peculiar shape, and the system is 
a novel one, and appears to me likely to 
prove of great value for buildings of con- 
siderable size, where girders are a neces- 
sity for supporting upper floors. These 
girders may be described as truncated, 
equilateral triangles, set alternately on 
their bases and their truncated vertices, 
and riveted together at their sides, form- 
ing a series of hollows and elevations. 
They are constructed of rolled steel 
about 4 in. in thickness, and their depth 
need not be much more than half that 
required for an iron girder. .When the 
weights required to be supported are not 
very heavy, a combination of these steel 
girders with ordinary ro!led joists can 
be adopted. The iron joists can be 
placed about 14 ft. apart, and from the 
steel skewbacks riveted to the joists, 
arches of concrete can be turned on 
centring. ‘There is a possibility with 
concrete floors that would withstand any 
ordinary strain, that the sudden fall of 
anything like a huge iron safe might 
break through the floor ; and in order to 
avoid any risk of this kind, Mr. Lindsay 
runs steel wires through the joists the 
whole length of the floor before the 
concrete is filled in. These are about 18 
in. apart, and are strong enough to hold 
up any exceptional weight that may by 
accident come upon the floor. In addi- 
tion, these steel wires form a sort of 
nucleus around which the concrete sets. 
The total weight, girders and all, of these 
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latter floors is considerably less than that 
of any other system, and they are extra- 
ordinarily strong. I have now endea- 
vored to bring before you some of the 
purposes for which this common material 
concrete is adapted. Its use is extend- 
ing daily, and in that extended use lies a 
danger which it behoves us all to guard 
against; whether you are employing it 
for floors, for pavings, for walls, for 
vaults, for architectural enrichments, or 
what not, it cannot be too strongly in- 
sisted upon, that scamping of every kind 
must be avoided, that the quality of the 
Portland cement used in its manufacture 
must be of the very best, and that no 
labor in manipulation must be spared, 
for if inferior materials be used, or care- 
lessness in working, the results are sure 
to be disastrous, and grave discredit will 
be thrown upon a most useful building 
material. The subject is a sternly prac- 
tical one, and it has been impossible to 
illustrate it by elaborate and beautiful 
drawings ; but, at least, we can learn one 
lesson from it, and that is, the great, the 
incalculable value of thoroughness in all 
the work which we have to undertake. 
As I commenced by referring to the Ro- 
man builders, so I would conclude by 
pointing to them again as a model for 
us. Depend upon it, when they were 
building the walls of those edifices which 
are still the wonder of the world, they 
gave no thought to what posterity would 
think of them; they simply did their 
work in the best way they knew of, and 
spared no pains to make it good; and if 
we imitate them in this, we shall all, 
whether architect, builder or artisan, 
have the satisfaction of feeling that we 
have done some bit of good work; and 
although it is not given to us all to be 
great artists and to “witch the world” 
with noble buildings, we can at least put 
our whole heart into everything we 
undertake and display what has been de- 
scribed as the truest genius—an infinite 
capacity for taking pains. 


a 





Tue Scotch railways are joining with 
those of England in the opposition to Mr. 
Mundella’s Railway and Canal Traffic Bill. 
The principle it embodies of giving power 
to the Board of Trade to fix rates com- 
pulsorily is severely condemned by all in 
any way connected with railway interests. 
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Tue Metropolitan Board has _ boldly 
decided on treating the whole sewage of 
the metropolis by the chemical process 
which has been undergoing elaboration | 
under its auspices during the last two 
years. In the resolution thus arrived | 
at, the Board has the warrant of two re- 
ports, signed by Sir F. Abel, Dr. Odling, 
Dr. Alexander W. Williamson, and Dr. 
Dupré. These are high authorities ; 
and, although it may be said that three 
of them were not originally disposed to 
admit that the Thames was in an offen- 
sive condition, yet there is the remark- 
able fact that one of the four—Dr. Wil- 
liamson—was himself a member of the 
Royal Commission presided over by Lord 
Bramwell. Since that Commission took 
evidence, the chemical operations at 
Crossness have doubtless thrown further 
light on the subject, so as to justify some 
modification of the views previously en- 
tertained. The second, and final, report 
of the Royal Commission bears the date 
November 27th, 1884, whereas the first 
report from the four chemists is dated 
eleven months later. The interval was 
one of activity at Crossness, and the 
Metropolitan Board wished to know 
whether the process devised by Mr. Dib- 
din would work satisfactorily. Mr. 
Dibdin, the Board’s chemist, was then 
using 3.7 grains of lime and 1 grain of 
protosulphate of iron per gallon of sew- 
age. The chemical referees, if we may 
so term them, expressed their opinion 
that the result would be “a very great 
gain over the discharge of un- 
treated sewage ;” and they further de- 
clared that the process, apart from the 
precipitating action, did exert “a dis- 
tinct purifying effect upon the liquid 
part of the sewage.” On the other 
hand, they considered that the effluent 
retained a sufficiently unpleasant oder to | 
prohibit its discharge into the river dur- 
ing warm weather at all states of the| 
tide. Had the report ended here, the 
verdict would have been a little discour- 
aging; but there was an important sup- 


plement. The referees saw reason to| 


believe, from what they had witnessed 


Engineer.” 


in the way of experiment, that the addi- 
tion of mangauate of soda and sulphuric 


‘acid to the effluent would so far deodor- 


ise and purify it as to allow of its being 
afterwards discharged into the river “at 
all states of the tide.” It was, at the 


same time, a question whether this sup- 


plementary treatment would be necessary 
in the winter months. In their second 
report the referees decided that the de- 
odorising process would be unnecessary 
during a considerable part of the year. 
For the purpose of deodorising the 
effluent during warm weather they re- 
commended crude commercial manganate 
of soda, ranging in quantity between 0°5 
grain and 1°5 grain per gallon of effluent, 
with a proportion of sulphuric acid 
equal to about one-third of the crude 
manganate. 

The report of the Works Committee of 
the Metropolitan Board in reference to 
this subject explains that the evidence 
given before the Royal Commission was 
of so conflicting a character, that it was 
felt nothing short of a prolonged series 
of experiments on a tolerably large 
scale, extending over some months, and 
including day and night, would afford 
the information necessary before working 
plans could be drawn up for the erection 
of plant for the treatment of the whole 
of the sewage. Thus the Board went 
seeking for new light, and if the report, 
which includes Dr. Williamson as a sig- 
natory, is to be allowed any weight, we 
must believe that the Board found the 
object of its search in the experiments 
conducted by Mr. Dibdin. But behind 
the precipitation and the deodorization 
there was the dete noir of the sludge. 
To purify the sewage was one thing, but 
to get rid of the sludge was another. 
Reckoning the daily volume of the sew- 
age at about 150 millions of gallons, the 
resultant sludge is estimated at 3,000 
tons. This, when pressed, is reckoned 
at 850 tons of cake. It is well that Mr. 
Dibdin is able to use a comparatively 
small quantity of chemicals. The lime 
which he introduces will add about 40 
tons per diem to the actual sewage re- 
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sidium, which is considerably less than 
the buik which most chemical processes 
would leave to be dealt with. Still, 
there is the sludge, and no smail quan- 
tity either. If some enterprising indi- 
vidual would take the lot, with all its 


virtues, he might have it for nothing, even | 


though the Board had previously borne 
the expense of pressing it. The stuff 
cannot be burnt, for the fumes of its 
combustion are found to be objection- 
able, even in the not very savory neigh- 


borhood just outside the metropolitan | 


boundary. Digging it into land is not 
an easy matter. Giving it away to the 
farmers is not altogether hopeful, con- 
sidering the depressed state of agricul- 
ture. It might be used to raise the level 
of the low-lying lands bordering on the 
Thames ; but the Board contemplates 
the contingency of flinging it a'l into the 
German Ocean. What effect this would 
have, it may interest some of the experts 
to determine. The sludge may feed the 
fishes, it may crexte shoals, it may go 
ashore, or it may happily disappear alto- 
gether. 


ton, but the London sludge will be on a 
scale pre-eminently large. We have 
ready dealt with the proposal of Mr. J. 


Orwell Phillips, who elaborated a plan | 


whereby the Beckton screw colliers 
would be made available for carrying off 
the sludge in the form of compressed 
cakes to be thrown overboard at sea. 
The Board has since invited designs for 
ships specially constructed to carry away 
the sludge, and have received as many as 
twenty-three designs in response. In 
respect to other arrangements, the Works 
Committee state that the ecuntract draw- 
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Some experience on this point | 
has been gained at New York and Bos-!| 


al- | 








| 


tation has been extended to the whole of 
the southern sewage. With regard to 
| the sludge, so much of it as nobody will 
accept gratuitously is to be sent in lieht- 
ers out to sea, both in the liquid and in 
the cake condition, in order to ascertain 
the cost and effect of this mode of get- 
tine rid of it. 

The cost of all these operations is, 
course, a serious matter. Yet there 
encouragement even in that direction. 
The capital expenditure for dealing with 
the sewage at the present outfalls is 
reckoned at about £750,000. The annual 
cost, including interest on capital, depre- 
preciation of plant, wear and tear, and 
ail other expenses, is estimated at £118,- 
000 per annum. When we referred to 
the subject some time ago, the annual 
cost was a trifle below this amount, but 
the first cost, including £131,000 for 
barges to carry the sludge, was £1,140,- 
000. The Royal Commissioners reckoned 
that the chemical treatment of the Lon- 
don sewage would cost £200.000 per 
annum; but in so doing they were aim- 
ing at a higher degree of purification 
than that which is considered necessary 
by the Metropolitan Board. At Barking 
and Crossness there is no need to fear 
any pollution of a drinking supply, and 
hence a different standard of purity is 
permissible than would be proper in a 
part of the stream situated above the in- 
takes of the water companies. Associ- 
ated with the treatment of the sewage at 
| the outfalls is another operation, which 
#8 yet has attracted but little notice. 
/Commencing in July last year, the Board 
| has proceeded to apply manganate of 
| soda and sulphuric acid to the sewage in 
|transitu. At more than a dozen stations 


of 
is 


7 
A 


| 





ings for the enlargement of the Barking|on the lines of the great intercepting 
sewage reservoir, and arranging it for|sewers these purifying re-agents have 
precipitation and purification works, are} been introduced, the effect being, not to 





in a forward condition, so that the con 
tracts may be let in the course of the 
coming summer. The works may be 
completed and brought into full oper- 
ation in the summer of 1888. Until 
then reliance is placed on the deodoris- 
ing works already provided, and which, 
it is believed, will prevent any nuisance 
at the Barking outfall. Throughout the 
approaching summer nine millions of 
gallons of sewage are to be precipitated 


daily at Crossness, the remainder being | 


deodorised until the process of precipi- 





occasion precipitation of the solids, but 
to deodorise the sewage and prevent the 
escape of noxious gases from the venti- 
lators. <A further advantage consists in 
the fact that the sewage will arrive at 
the outfalls in a deodorised condition—a 
circumstance which, the Works Commit- 
tee remark, will materially assist in the 
production of an effluent of a far better 
character than would otherwise be at- 
tainable. The character of the occa- 
sional discharge from the storm over- 
Anything 








|flows will also be improved. 











that can assist the difficult process of 
sewet ventilation is especially to be 
valued, and the plan thus commenced by 
the Metropolitan Board will strike most 
persons as a happy expedient, the sew 
age being dealt with before it has time 
to become putrescent. The principle 
may be capable of extension, and so long 
as there is no increase of deposition in 
the sewers, the deodorising process may 
simply be limited by the question of 
cost. If the District Board and Ves- 
tries will each, in their own respective 
localities, imitate the example of the 
parent Board, the result will be so much 
the better. Another incident in this his- 
tory is the extraordinary che1pening in 
the price of manganate of soda, in con- 
sequence of the development in the 
manufacture of this article by Mr. Dib- 
din. Owing to the limited supply and 
great cost of the manganate, Mr. Dibdin 
undertook to manufacture the article on 
a large scale. This so far stimulated 
the action of the manufacturing chem- 
ists that they now come into the market 
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as a temporary measure, unless the efflu- 
ent were subjected to intermittent filtra- 
tion through a sufficient area of land. 
If the same result can be produced by 
chemical means, and at a greatly reduced 
cost, there is fair ground for the argu- 
ment that the Board should not be 
forced to comply with the mere letter of 
the law, while amply fulfilling its spirit. 

It is impossible to lcox at the plans of 
the Metropolitan Board, admirable as 
these may be, without remembering that 
another project has been brought for- 
ward, based on ample details, and pos- 
sessing many features of merit. Of 
course we are alluding to the Canvey 
Island scheme of Mr. Bailey Denton and 
Lieut.-Colonel Jones. In the last report 
of the Works Committee of the Metro- 


/politan Board in reference to this sub- 


ject, the Canvey Island plan is discussed 
in a manner which seems hard!y fair. 
The report of the Committee states that 
one element in the plan thus brought 


'forward was that the Board should de- 
liver the whole of the London sewage 


with large quantities of manganate of| 
soda; and whereas some time back the! 


price was £40 per ton, and the supply 
altogether inadequate, the figure has 
fallen to £11 per ton, and the supply is 
practically unlimited. 
the manganate of soda, in conjunction 
with sulphuric acid, is the production of 
permanganic acid. It is represented by 
the Board that the purifying agency of 
this compound is such as to render 
filtration through land unnecessary. This 
may be called the turninyg-point of the 
whole controversy. It is urged in cer- 
tain quarters that the Board should im- 
plicitiy observe the recommendations of 
the Royal Commissioners. 
reply of the Board is that, by means of 
this cheap and extensive supply of man- 
ganate of soda, it is practicable to apply 
permanganic acid on a scale which pro- 


over to the projectors, accompanied by 
an annual payment of £110,000. The 
report goes on to say, “The view 
taken by your Committee, and a'so by 


'the Board itself, upon this part of the 


The real use of! 


scheme was that it would not be consis- 
tent with the Board’s duty to hand over 
the sewage to be dealt with by other 


| persons in consideration of a very large 


annual payment, and that the Board 


‘could not rid itself of its responsibility 


But the! 


in that matter.” A reply on this basis 
was sent to the Home Secretary, through 
whose department the Canvey Island 
project was in the first instance for- 
warded to the Metropolitan Board. The 
report ought to go on to say that to 


'meet this objection Messrs. Denton and 


vides an equivalent for land filtration. | 


Probably it is to this consideration that 
we may mainly attribute the approval 
which Dr. Williamson now accords to 


the treatment of the sewage at the ex- | 


isting outfalls. 
able light on the subject at the time 
when the Royal Commissioners drew up 
their final conclusions, they advised that 
if the sewage were chemically treated at 


According to the avail-| 


|/amended offer? 


Jones offered to transfer their interest in 
Canvey Island to the Metropolitan 
Board, so that the latter body might 
keep the sewage under its own control, 
and carry out the plan without further 
reference to the original promoters. No 
doubt the Committee’s report is correct 
so far as it goes. The first proposals 
were rejected for the reason assigned. 
But why do we hear nothing of the 
As the report stands, 
the reason given for rejecting the Can- 
vey Island scheme is inconclusive, seeing 


Barking and Crossness it should only be! that it merely refers to a past phase of 
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the question, and makes no allusion to as to reach Canvey Island, would exhibit 
the form which it now assumes, this lat-|a yet greater excess. A subsidiary topic 
ter phase being entirely free from the ob-|is that which relates to the proposal of 
jection urged against the first. It may|Mr. John Orwell Phillips to carry the 
be very true that in its amended form | sludge out to sea in the Beckton colliers, 
the project is not such as the Board feels|on their return voyage to the North. 
called upon to accept. But due respect|The Z%mes has complained that no re- 
to all parties, even to the Board itself, | ference to this proposal is to be found in 
demands that the true reason should be/|the report of the Works Committee. 


specified. We apprehend that the final 
objection to the Canvey Island scheme is 
really its costliness. Here, however, we 
touch a debated point, Mr. Bailey Den- 
ton contending that the plans of the 
Metropolitan Board will prove more ex- 
pensive than the project which he has 
brought forward. The Board has evi- 
dently a different view of the case, and 
if the question is pressed, perhaps we 
shall hear more on that point. The 
Works Committee put into their report a 
statement based on information derived 
from Sir Joseph Bazalgette, that if the 
outfalls were removed to Hole Haven, 
the capital cost would not be less than 
£3,725,000, while the annual expenditure, 
including the treatment of the sewage 
there by precipitation, would be £215,- 
000. As this latter amount is nearly 


Had such reference been made, it is to be 
| expected the, Committee would have stated 
‘that Mr. Phillips’ proposal proved to in- 
volve a much greater outlay than was an- 
\ticipated. Here again is a question of 
| estimates, and the Board will justify it- 
iself by saying that it has to guard the 
| pockets of the ratepayers, and therefore 
has to do its work in the cheapest 
| fashion it can devise. Relative cost thus 
‘comes under consideration, and if it 
should yet appear that the Beckton 
| scheme is cheaper than any other for the 
'removal of the sludge, we shall doubiless 
| hear more about it, and we cannot say 
|that we quite despair on that point. At 
all events, something must be done with 
| the London sewage beyond what has yet 
| been accomplished, and the Metropolitan 
| Board is addressing itself to the task in 


£100,000 more than the annual cosi of ;}& manner which shows that it has de- 
the scheme which the Works Committee | cided upon a plan which it will carry out 
have recommended, and which the Board | without loss of time, unless prevented 
has adopted, it might be inferred that | by some interference from without. 
carrying the outfalls still further on, so! 


THE CONSERVATION OF ENERGY.* 


By S. DIXON, Manchester. 


From “Iron.” 


Ir is the common experience of all 
men, but especially of engineers who 
were constantly engaged in controlling 
the great forces of nature, that various 
bodies or disposition of matter, pos- 
sessed the power of doing work in a 
greater or lesser degree. It was not his 
purpose to enter into an examination of 
the whole of the various forms of energy, 
but he would take two or three with 
which they as engineers came most fre- 
quently in contact, viz., mechanical 
energy, heat and electricity. They fre- 
quently met nowadays with a steam 





* Abstract of paper read before the Manchester As- 
sociation of Engineers, March 14, 1886. 


engine driving a dynamo for producing 
the electric light, and they had there a 
fine example of the transformation of 
energy, embracing three or four of the 
most prominent forms. They saw, in 
the first instance, heat conveyed to the 
engine by the steam and disappearing in 
large quantities. In the second place, they 
saw mechanical energy produced in the 
motion of the various parts of the engine, 
this being transmitted, it might be, by a 
strap to a dynamo, and there disappear- 
ing. In the third place, they had the 
production of the electric current, con- 
veyed, it might be, by a wire to a lamp 
and there disappearing, and the fourth 
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step they had the production of light 
scattering its energy around by its bril- 
liant piercing rays. They might here 
note that in all these various forms they 
never saw one coming into existence with- 
out the disappearance of another; they 
saw heat disappearing and mechanical 
energy appearing, which on disappearing 


reappeared in the form of electricity, | 


only to disappear as electricity and re- 
appear as light and heat. They saw, 
therefore, in this combination a complete 
cycle of operations commencing with 


heat and going through two or three| 


transformations to reappear as light and 
heat. They saw these transformations 
taking place, but it was not at first sight 
obvious that it was the same energy 
which was being transmitted through- 
out, but if they applied instruments cap- 
able of measuring the amount of energy 
in each form, and making due allowance 
for the leakage taking place at each 
stage, they would find that it was precise- 
ly the same amount of energy which was 
passing through the various forms. The 
great law of the conservation of energy 
taught them that they could not create 
energy, and the principle of the dissipa- 


tion of energy taught them that they 


could not destroy energy. Yet, during 
the great transformation which took 
place, a vast amount of energy became 
degraded as it were, and rendered use- 
less for the purpose of doing work. 
When they saw how our various sources 
of energy were being rapidly used up, 
he thought they could not but admit 
that an enormous responsibility rested 
upon them as engineers not to squander 
the stores of energy which were prac- 
tically in their keeping for future genera- 
tions. He thought there was nothing 
which they, in this truly wonderful nine- 
teenth century, would so much regret as 
that the judgment of posterity on this 
our age should be that we had been 


so extravagant and wasteful of the great | 


stores of energy that we had fearfully 
crippled, if not entirely ruined, the 
prospects of all succeeding ages. Seeing 
the vast importance of egonomising our 
stores of energy, they might possibly 
ask what had he to suggest in a par- 
ticular way for improving on the present 
system, and, in reply, he would say :— 
Ist. Let our engineers fully master the 
great principles of science, so that they 


|may never be found attempting to set 
jaside some of the inexorable laws of 
nature. 2d. Let us have a more truly 
| scientific spirit applied to all our work, 
| which carefully measured and estimated 
| everything and took nothing for granted, 
however plausibly it might be presented. 
| Let them carefully estimate the cause, 
and honestly measure the effect, and face 
it openly, no matter how unfavorable the 
results might be to them. Let them 
|not be content to say that an engine, a 
machine, or any device whatever, would 
do a certain amount of work, but that 
| they would be at once able to say how it 
‘did it, and how long it took to do it. 
He would suggest that the absolute 
efficiency of every engine or machine 
should be distinctly specified and in- 
sisted upon by the purchaser, so that in 
the struggle now going on only those 
firms which were really capable of con- 
structing economical and highly efficient 
engines have any opportunity of survival, 


‘and that the construction of antiquated 


and extravagantly wasteful engines which 
yet survived should soon become a thing 
of the past. He would in fact urge 
measures which should facilitate the 
rapid survival of the fittest. The cheap- 
ness of coal in this country had in some 
respects been very disadvantageous, 
having fostered extravagance; but on 
the Continent, where coal was much 
dearer, the construction of economical 
engines had, he did not hesitate to say, 
been carried to a greater perfection than 
in this country, for any new device which 
ensured the most fractional increase of 
efficiency was at once adopted. He had 
often noticed, when discussing the pecu- 
liarities of their respective engines with 
continental engineers, that they always 
prominently spoke of their absolute 
efficiency in a truly scientific sense, as 
requiring so many kilogrammes of steam 
per horse-power (the only true test), 
whereas he feared that with us it was 
too often the diameter of the piston and 
the length of the stroke which absorbed 
our attention. It was, however, not only 
in steam engines that a greater applica- 
tion of scientific methods was required ; 
in machine tools the need of improve- 
ment existed perhaps even to a greater 
degree. The long-continued commercial 
depression and the greatly increasing 
foreign competition had recently led to 
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considerable searching of heart and 
examination of the weak members of 
their organization, and if it had no other, 
it would have one beneficial 
compelling engineers to equip themselves 
in the most efficient manner for the 
fight. During the palmy days which 
had now gone for ever, the tendency of 
engineering firms had undoubtedly been 
to become fossilized. How muny firms 
could they see to-day, of even large 
extent, where mazhines were at work 
which positively gave one a shudder to 
contemplate, and which ought long azo 
to have been put under the steam ham- 
mer. They saw some firms holding on 
to 
greatest tenacity, whilst young firms 
were springing up (on the Continent, it 
might be), and leaving these parental 
firms heavily handicapped in the struggle. 
Let them take, for example, such a simple 


effect. in| 


these antiquated, tools with the| 


‘man would be producing 20 feet of 
24-inch shafting per hour, whilst with 
old ones, to which they still clung so 
tenaciously, he was scarcely able to pro- 
'duce 20 inches per hour. It was not 
sufficient now that a lathe should do a 
certain work, but that it should do it in 
the least possible time. In the great 
competitive struggle for the survival of 
the fittest, they might well draw a les- 
son from what they saw in the struggle 
for pre-eminence amongst nationalities. 
What was the position of the nations 
with their antiquated armor, and what 
was their chance in the fight? As 
engineers they might well ask themselves 
what chance hal those firms with anti- 
‘quated machinery, and what must natur- 
jally be their doom. He was quite sure 
|that there were at the present time 
many firms with michinery correspond- 
ing in antiquity and want of adaptability 


instance as a lathe, which was generally|to the requirments of to-day, which 
regarded by many firms as being pretty | might be fitly compared with the muzzle- 
much the same thing all the world over ;| loading guns, if not even with the flint- 


yet so great was the difference that, 
with the most modern tool, the same 


lock age, in weapons of war. 





STRENGTH OF WHITE PINE, BRICKS AND STONE. 


Br PROF. 


W. A. PIKE. 


Journal of the Association of Enzineering Societies. 


Tue author gives the results of tests 
recently made in the testing laboratory 
of the University of Minnesota. Sticks 
of thoroughly seasoned white pine were 
tested for tensile strength. ‘They were 
dressed to a uniform scantling 12 inches 
in length, with shoulders on ends to take 
the pull. In scantling they varied from 
#-inch square to 13 inches by 24 inches; 
average specific gravity, 0.66. ‘The aver- 
age ultimate tensile strength was 7,373 
pounds per square inch. It was observed 
that the longitudinal shearing strength 
of the ends of the sticks, in resisting the 
pull, was less than has been generally 
given. The ends had a shearing-area of 
45 square inches; but it was necessary 
to spike and clamp the ends in order to 
prevent splitting. Thirty-five tests were 


made of white pinewood for resistance 
to compression, in which the pieces varied 
from l-inch cubes to pieces 3 inches 
square and 54 inches in length. Of those 
which broke by direct compression, the 


| crushing resistance averaged 5,283 pounds 
|per square inch. One-inch cubes bore 
|7,800 pounds. Pieces 3 inches square 
and 54 inches long bore 5,222 pounds 
per square inch; 24 inches long, 5,038 
pounds; and 12 inches long, 5,505 pounds 
per square inch. Of those which failed 
by a combination of crushing and bend- 
ing, from 54 inches to 24 inches long, 
and from 4 by 2 inches to 2 to 1 inch in 
return, the average actual stress or load 
was about 3,000 pounds. The author 
argues from the results that the value of 
the usual constant in the ordinary for- 
mula for the resistance of struts is much 
too great. 

Half bricks, placed between pieces of 
paste-board, were tested for crushing re- 
sistance. St. Louis bricks failed flat-wise 
under 6,417 pounds per square inch; 
edge-wise, under 4.080 pounds. Hastings 
red brick, hard, medium and soft, failed 
respectively under 2,017 pounds, 2,012 
pounds, and 1,748 pounds per square inch. 
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II. 
The expression dp_R, a 
U(dU d | dr ov tv’ 
dQ Caan v=d(dU) (p)\ana 


is evidently true for imperfett as well as 
perfect gases when an actual pressure 
works over the space dv, for it is simply 
equivalent to dpdv. The next step isa 
novel one from a mathematical stand- 
point, for it is re to 











d(dU) oe 
Ay / =O =a, 
or to 
d(dU) ft, _ d(aU)_ > 
— J" ar=t _ =dwW, (9) 





which operation is equivalent to consid- 
d(dU) 

dr 
generally, as constant during this inte- 
gration. Here dW is an element of the 
total work, both external and internal. 


Now adv) 
> dt 


cept for perfect gases. 
have, equation («) 


as independent of 7, or, more 


is not independent of 1, ex- 





For perfect gases 


pu=Rr 
hence for v constant we have’ 

>.* 

dr v 
which is independent of 7, and substituted 
in equation (p) gives 


R R R 
JS dr—iv= f dvdr =r- dv=pdv 


in the first of which, there being two in- 
dependent variables 7 and v, the integra- 
tion may be performed once in regard 
to either, and when integrated in regard 
to rt we have the result as given. In the 


case of a perfect gas, there being no in- 
ternal work, the external work pdv equals 
the heat expended. But if the gas be 
imperfect and represented by equation 
(&) we have, if v be constant, 

Vor. XXXIV.—No. 6—33 








i, 
dr Pav= (24+, )ardv 
dr vv 
and Rankine treats this by integrating 
the dr outside the parenthesis, treating 
the quantity within as constant during the 
integration, in the case of the transfer- 
ence of enery, giving as a result 
(E+ 3) dv 
v tv 
for an element of work, both external and 
internal. If treated according to the or- 
dinary rules of calculus we would have 


found 
R a 
( t™ a 
v Tv 


which simply reveres the direct process 
giving the original expression as it ought 
and which would reduce finally to 


pdv 


which is the value for an element of the 
external work only. Rankine’s deduction 
of equation (7) from equation (p) is as 
novel as it is original. It is the point of 
departure from the ordinary treatment 
of analysis and appears to be defended 
chiefly, if not entirely, on physical 
grounds. It is equivalent to asserting, 
for physical reasons, that the elementary 
quantity of energy which may be trans- 
ferred from a body possessing heat energy 
to another body for a unit of energy (or 
temperature) equals the rate of transfer- 
ence of the element per unit of tempera- 


ture (2) av into the absolute tempera- 


ture, 7, at which the transference is 
made; and this assumes that each ele- 
ment of temperature produces its propor- 
tionate share of the work of transference. 
In other words, this is a repetition of the 
second law. Reject Rankine’s second 
law, and this analysis is without 
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foundation. Had this mode of treatment 
emanated from a mathematician and 
physicist of less repute, it would doubt- 


less have required independent proof to! 
1 


have secured its acceptance. 

One can but admire the genius of a 
man who has such an insight into the 
workings of nature and such 2 command 
of mathematics, that he can at once ex- 
press the laws of such working in so di- 
rect, simple, and comprehensive a man- 
ner as Rankine has done in this case. It 
is a characteristic of some of his writings | 
that he seized an advanced principle, the| 
mere statement of which more than half 
solved the problem. But these qualities 
do not insure immurfity against errors in 
principle or logic. In regard to the lat- 
ter may be cited his treatment of tur- 
bines, in which he presumes to treat a 
general case, which is in fact only a re- 
stricted one; and in regard to the former. 
Sir William Thomson, in the twentieth 
lecture on “‘ Molecular Mechanics,” says: 
*T do not think I would like to suggest | 
that Rankine’s molecular hypothesis i is of | 
very great importance. ‘lhe title is of| 
more ‘Importance than anything else in 
tke work. We cannot find a foundation | 
for a great deal of his mathematical | 
writings, and there is no explanation for 
this kind of matter.” In the case we are 
considering, however, Rankine arrives at 
the same result as Thomson, Clausius 
and other writers. Rankine applies this 
method to the transference of energy of 


any kind, in his paper “On the General | 


Transformation of Energy,” read Janu- 
ary 5th, 1853, and similarly in another 
paper “On the Mechanical Action of 
Heat,” read January 17th of the same 
year. These are published in the Z7rans- 
actions of, the Royal Society of Edin- 
burgh, vol. xx., also in the London J’Ail- 
osuphical Magazine, and in his Miscel- 
laneous Scientific Papers; but nowhere 
has he made a more complete solution of 
the part involving the most refined an- 
alysis than in our text. Those who un- 
derstand his logic need no further state- 
ments on this point, but we are not ig- 
norant of the fact that many students 
find almost an insurmountable difficulty 
in establishing the “symbolic expression” 
of the second law. And this is not 
surprising after the late Clerk-Maxwell, 
with his bright intellect, considered the 
luw itself as “inscrutable.” To such we 
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343 of our text. 


offer the following considerations in favor 
of its acceptance 

Its correctness is readily verified in the 
case of the ideally perfect gas, as already 
shown, and hence for this case it is rig- 
idly exact. 

It is so nearly exact for gases consid 
ered perfect, as air, hydrogen, &c., that 
no error can be detected by experiment, 
and therefore, must be treated as strictly 
exact for these gases 

| It is correct. when the pressure in- 

creases directly as the temperature. Thus 
if p, be the increase of pressure for a 
rise of temperature ¢,, then 


Since 7+p will equal P. This principle 
, | Was used by our ito in an article in 
Lhe Engineer of June 28th, 1867, in 
| which he sought to explain and illustiate 
the second law in a simple and popular 
manner by finding the latent heat of 
steam. (Miscel. Se. Papers, p. 432.) 

The second Jaw regarded as a state- 
ment of the law of efficiency of a perfect 
|heat engine is universally accepted, page 
Similarly i in regard to 
Carnot’s principle. (hil. Muag., 1846, 
p- 313; 1856, 1, p. 215.) 

Clausius says: “If the first theorem 
is cailed the Zheorem of the Equivulence 
of Heat and Work, the second may be 
naturally called the Zheorem of the Byniv- 
alence of Transformation.” (Phil. Mag., 
1868, 1, p. 414.) 

Its application to imperfect gases gives 
results that are correct within the limits 
of errors of observation. On this point 
we might say considerable, but we simply 
remark that the formulas which repre- 
sent imperfect fluids are empirical, and 
are not only subject to errors, greater or 
less, but cannot be safely applied much 
beyond the range of the experiments 
upon which they are established. For 
some interesting cases, see articles 255, 
256, 257, 258a of our text. 

Finally, it may be accepted with confi- 
dence, because it has been obtained by 
different eminent scholars and by inde- 
pendent methods of analysis. 

It isan advantage to a student, in at- 
tempting to overcome a difficulty, to be 
assured that the result sought is correct, 
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for then he has only to contend with his ; ae ” _ dp 
own methods, being certain that the diffi- here consists in first treating ar 
culty exists within himself. The investi- | dependent of tand dependent upon v in 
gator, however, must push forward and)| which case the integration may be per- 
establish himself beyond the boundaries | formed, and the arbitrary constant for 
of previous knowledge. | which afterwards treated as a function of 
Returning now to the consideration of| 7, This method of treating certain dif- 
the subject, we observe that in treating | ferential equations is explained in higher 
the expression | works on the calculus, such as Price’s In- 
dp |finitesimal Caleulus, Boole’s Differential 
dt | Equations, and Todhunter’s Integral 
; fie . ' Calculus. It will be observed that these 
he process of its generation must be | scieciasietinitta ail uaiakiiiiinais nate Cemented 
recognized, that is t is independent oe ee. pracaetn = — ry | a 
dp |and as such simply indic ate t he mode of 
, and hence the latter may be operated |operation in the solution of particular 
ar lexamples. In the case of internal work 
upon independently of the former. |done at constant temperature, equation 
At the close of article 241 the author | (,) written thus: 
says: “which quantity is known when Q es 
and the law of its variation of dU with (dW)=1f P dv.dr 
Q are known ;” in which we have another dr 
singular mathematical expression—that| will be zero, but in other cases the 
of a relation between a finite quantity Q | amount of internal work at temperature 
anda differential quantity dU! ‘This needs |r for a change dr may be finite, and will 
interpreting, and may readily be done by|be different at different points in the 
changing the form to the one last given,and | scale of temperature. ‘This principle is 
the quotation should read “ which quan-|involved in that of specific heat to be 
tity is known when 7 (or Q) and the law / considered hereafter. 
of variation of p with 7 are known.” Equation (¢) being an expression for 
Resuming equation (q) we have for the | the work done, both external and inter- 
work done at constunt temperature inal, by the disappearance of heat for an 
elementary change of volume and tem- 
(7) | perature, it remains to find an expression 
for the quantity of heat producing change 
In this expression, W is a function of |of temperature only which will be so 
dp : much of the heat imparted to the body 
r as well as of v, and as a for imperfect |», is in excess of the work, both internal 
fluids cannot be expressed simply in jand external, that has been done by heat. 
terms of v, the total differential of W | Al! the heat imparted toa substance above 


will be the sum of the partial differential | that which disappears in doing work 
equations regarded as functions of 7 and makes the substance hotter. Observation 


v. The two partial differential equations |Shows that the same quantity of heat 
are communicated to equal weights of differ- 
AW dp ent substances will not produce the same 

(—)=r y rise of temperature. ‘hus, one pound 

fn of steam at 300° Fabr., mixed with ten 

(—) =1f (s) pounds of hydrogen at 40° F. will produce 

dr | dt’ ~’/a mixture of two pounds at about 74° F., 

or the total differential may be expressed | Dut the same steam mixed with ten 
Sheen: pounds of water at 40° will produce a mix- 
dp ture of two pounds at about 146° F., there 

dW=rd.f“ - dv (t) | being no escape of heat in either case. The 

dt thermometric measure is called the sensi- 

where the dot is used, as by the author, | d/e heat. As seen from the preceding 
to express the totu/ differential. This|example, the same amount of heat will 
treatment of equation (7) is similar, in| produce different degrees of sensible heat 
principle, to Lagrange’s method known |in different substances. The “total ac- 
as the Vuriation of Purameters, which|tual heat” defined by Runkine is the 


as in- 


tT dv, 
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sensible heat. The ratio of the quantity 
of heat which produces an increase of 
temperature in a unit of weight of any 
substance to that of the temperature in 
the same substance is, according to Ran- 
kine, constant for all temperatures and 
pressures (page 307) for a given state of 
aggregation, and is represented by &. 
This principle Clausius calls in question, 
and gives it as his opinion that it is vari- 
able, as, for instance, in the case of water. 
Physical constants, so-called, are rarely, 
if ever, strictly constant, although they 
are often so treated when they are known 
to vary, as in the case of gravity for 
which we use g=32.2 except in cases 
where the problem demands greater re- 
finement, and if they are constant their 
exact value is as rarely found, as in the 
case of Joule’s mechanical equivalent of 
heat. The real specific heat of substances 
is constant as defined by Rankine within 
the limits of errors of observation, and 
hence must be treated as strictly constant 
until shown to be otherwise. Granting 
Rankine’s symbolical expression of the 
second law and his principle of specific 
heat, his first general equation of ther- 
mo-dynamics may be written directly 
without intermediate analysis. For the 
heat necessary to increase the tempere- 
ture an amount dr will be : 


dH=kdt (wv) 
which being expressed in foot-pounds 
and added to the heat disappearing in 
doing work produced by an elementary 
change of volume and temperature, equa- 
tion (/), will give the total heat produc- 
ing both changes simultaneously, or 


dH=kdr+ rdf Paw (A) 
cf 


akdrae [oP a dp 

=kdr+ tf fdv.dt+ tat 
which is equation (2) page 312 of the 
text. Equation (A) may be written 


é.H= 
d d scp 
Jk drte(dre + wo) f B - 


as given by our author in the Philosoph- 
tcal Maguzine, 1856, (2), page 103. In 
the last equation J is Joule’s equivalent 
and k the real specific heat compared 
with water, and Jé’=k is the real dyna- 
mical specific heat. 


(B) 


dv (C) 











Equation (A) may also be written, as 
in the text, 


dH=kdr+rd.F=rdp (D) 
where 
dF dF 
av=(G)ar+(G)e 
and 


F= f° Law 
2; dr’ 

The expression for d.F is written in 
the above form in one of Rankine’s origi- 
nal papers, and in our text this form is 
implied. 

The terms “heat potential,” heat “iac- 
tor,” * metabatic function,” and “ thermo- 
dynamic function,” used by our author 
in this connection, remind us of a remark 
of Sir William Thomson in his twentieth 
lecture on “ Molecular Dynamics” before 
referred to, where he said, ‘“‘ Rankine was 
that kind of a genius that his names were 
of great suggestiveness; but we cannot 
say that always of the substance.” 

Clausius writes the partial differential 


equation 
dH 
dH = (—_)az 


to express the quantity of heat due to an 
elementary increase of the temperature 


of a substance, in which if (=) be con- 


stant it cannot be integrated unless it is 
a known function of r. If it be constant 
it may be represented by & as above. 
Equation (A) can be used in any particu- 
lar case only so far as the function is 
continuous, and hence is restricted to that 
of a constant state of aggregation. 

Representing the sum of the coeffi- 
cients of dr in equation (B) by C,, and 
dividing through by rt the equation be- 
comes 


7; 
dp=C, <4 dv, 
which is the form of the general equa- 
tion given by Clausius when 7 and v are 
the independent variables (equation 21, 
page 206 of Brown's translation). This 
equation cannot be integrated unless C, is 
either constant or a function of 7, and 7 : 
also a constant or capable of being ex- 
pressed as a function of v. 
A discussion of equation (B) enables 











one to see more clearly the meaning of 
each term. 

a. Assume the temperature constant. 
Then will dr=o, and the equation be- 
comes 


dH=r ? 4, 
dtr 


i v, Ip 
o"s H=r, / te" 


which is a measure of the heat that must 
be supplied from an external source in 


lv 








 prrrerrcsecnstectrecstnteeseentceeesncrienicitiiataemenss 





v, Ve 


order to maintain the constant tempera- 
ture 7, while the fluid expands from v_ to 
v,, and since all the heat supplied has 
been transmuted into work, internal as 
well as external, it is called the latent 
heut of expansion (page 309), or the heat 
which disappears in doing work. The 
case is represented graphically by Fig. 
19, in which the ordinate vC represents 
the pressure p, when the volume is Ov, 
and the ordinate ve=r, J 
dt 

when multiplied by dv will give an ele- 
ment of work both external and internal, 
and the integral of the expression be 
tween the limits v, and v, multiplied by 
T, gives the entire work, v, v, bu done 
during the expansion. The ordinates to 
the line AB represent the external press- 
ures for the corresponding volumes. 

If through A and B respectively the 
adiabatics AM and BN be drawn, Fig. 
20, then will the indefinitely extended 
area MABN represent the heat com- 
municated to the substance from an 
external source while doing the ex- 
ternal work v,ABv, at constant tem- 
perature, as will be shown hereafter, 
and from this fact it follows that the 
area between the adiabatics MABN is 


is such that 
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greater for an imperfect than for a per- 
fect gas, the same externa] work being 
done with each substance. 

Having the equation of the fluid, the 
relative height of the line ab may be de- 


termined. ‘I‘hus in the case of carbonic 
acid gas we have: 
T a 
m=R-—--=v,A v 
L v vt 1 ( ) 


If this gas were perfect, we would have 
a=o, and 


p=R-=v,¢, 


Fig. 20 








and et would be the isothermal and v,e¢ 
the pressure for a perfect gas. 
From equation (v) we have: 
T a 
R -—p=-— = Ae. 
v 


vr 





' a 
When r is constant the term oz decreases 


as v increases, hence the line of press- 
ures, AB, approaches the isothermal line 
eT, and ultimately becomes an asymptote 
to it. 

The ordinate v,a which represents the 
pressure involved in doing both external 
and internal work, will be 


dp _ 2a 
e dz * vr (~, 
dp _ 2a 
ee Aa=t — “P= Se’ 


so that for this fluid the distance ea above 
the isothermal equals Ae the distance of 
the line of external pressures below the 
isothermal. The line a will also ap- 
proach the isothermal and ultimately be 
an asymptote to it. In an adiabatic ex- 


pansion the temperature decreases while 
the volume increases though not at so 
rapid a rate, and the distance between 
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the isothermal corresponding to any 
pressure, and the lines of pressures does 
not diminish so rapidly as in the preced- 
ing case. 

By means of equations (v) and (w) we 
may compute both the internal and ex- 
ternal work for this gas at constant tem- 
perature. For the external work we have 
by means of equation (*), 

“dy a adv 
S pav=Rr f — — J —, 
o,¥ TY ov 


v 


ea 


which shows that the work performed 
during the expansion is less at constant 
temperature for an imperfect than a per- 
fect fluid. It must not be inferred that 
this result conflicts with the principle 
taught by the masters of this subject— 
that the work done by heat is independ- 
ent of the nature of the working fluid— 
for the latter principle is restricted to 
work done in a cycle, while the above 
analysis applies only to expansion. 

For the total work, both external 
and internal, we have, by the aid of 
equations (7) and (»), 


ov dp dy ua Sr%dv 
Fi Tak a. “fis 


vr, 


=Rr log. ef 
v 


T v, 


=Rr log. m2 4-o/ : -=) 
v, tiv, »v, 
and the difference between these, or 
2a;1 1 
T ert 
gives the internal work. 
If v,= a, we have 


2a 


TY, 


for the total internal work at constant 
temperature for an infinite expansion, 
which is finite, while the external would 
be infinite. The last expression is a 
function of the temperature and initial 
volume only. 

b. Consider the volume constant.—Then 
will dv=o, and the third term of equa- 
tion (B) disappears, but the second term 
will not vanish for the same condition, 
since dv is there under the integral sign 
and may be considered in the sense of an 
integration performed, and the equation 
becomes 
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dH=hkilt + rf Lavac 


5 + rf Pw=c, 

dt dr* 
which is the rate at which heat must be 
supplied to a pound of the substance per 
unit of temperature, in order to raise the 
temperature one degree, and hence is 
called the specific heat at constant vol- 
ume (v and 7 being the independent vari- 
ables). For a perfect gas the integral 
part of the expression is zero, hence, by 
integration, 


(a) 


H=é&r (y) 
or the temperature increases directly as 
the quantity of heat supplied. This re- 
veals no additional truth, but simply re- 
duces the expression back to the assump- 
tion made by the author in the case of a 
perfect gas in a constant state of aggre- 
gation. According to Equation (7) the 
term reprepresenting the real specific 
heat (or real dynamic specific heat if 
measured in foot-pounds) will be con- 
stant, and the «pparent specific heat will 
exceed this by the amount of heat neces- 
sary to do the internzl work at constant 
volume, 

ce. Let there be no transmission of heat 
and no external work done. Then, in 
equation (B), will H and dH=o, vr be 
constant and dv=o, and the equation 
becomes 


“lp 
o=kdr+rf as” dv .dtr 
and integrating 
ap 
ks : 
( fT 


or the temperature will remain constant. 


dv) T=constant, 


ad. Let there be no transmission of heat 
and external work be done. Then will 
dH=o, and we have 


- d'p dp 
o=( k+ Fie do)dr+ tH 
which is the differential equation of an 
adiabatic when 7 and v are the variables, 
p being eliminated by means of the equa- 
tion of the fluid (equation 1, page 319). 
The last equation cannot be integrated 
for the general case of imperfect gases. 
If expansion be adiabatic the pressure 
and temperature both vary, the three 
quantities v, p, t, being so related that a 
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definite change in one necessitates 
definite change in both the others. 
the gas be perfect then 


Let 





tT dp R &p_ 
pP=RD ae ar 
and the preceding equation becomes 
l 
pdt RB =o (2) 


Let the initial temperature in the state | 


B be r,. corresponding to the volume | 
Ov,=v,, and the corresponding values in | 


the state d be r and »,, Fig. .21, and inte- 
grating between these limits we have 











y] 
fe) x 
T v 
k log. -*+R log. *=o0 
it i 
T v 
. klog. ~=R log. — 
T v, 
T v 


\ (az)! 


- =(° 
vY, 


Eliminating t and r, by means of the 


equations 
pv=Rr 
p.v,=Rr, 
v _ (p,\b 
gives _* (" )y (dz) 


which is the equation of the adiabatic, 
equations (4) page 319 of the text. 
may now find an expression for the area 
v, Biv, Fig. 21, which represents the work 
done during an adiabatic expansion for a 
perfect gas. “play (z) becomes 


| bf ‘a=fe Tem J = 


and ehetitaiinn the value of j p from (bz), 


(cz) 


k(t _—T)= oe - (vi-y—y,1- Y) 


— Ps , 
y—1 


(v,!-¥ 01-7) 





a|the 


We) . 
| by a unit of the area representing heat. 


+7$ 


second member of which is the areca 
|, Biv, and the left member is heat lost ; 
‘hence the loss of heat equals the work 
done, as it should as before shown. If 
now the expansion be extended indefin- 
litely, » becomes infinite, and according 
| to equi ation (az) tT becomes zero, and the 
| prece ling equation becomes 


Pp” 
| k _ 7 
ean 


The first member is, according to equa- 
ition (7), the amount of heat imparte \ to 
a perfect gas forms an external source in 


(dz) 


“a 








lraising its temperature from zero to 
|the absolute temperature 7,, and this 
equals, according to equation (/z), the 
indefinitely extended area MBv,X. Let 
the ordinate v,B (Fig. 22) be divided 
into as many equal parts as there are 
units in the absolute temperature, that is 
into 7, parts, and through each point of 
division an adiabatic be drawn and ex- 
tended to the right indefinite'y, then will 
the areas between any two consecutive 
adiabatics be equal, and if each be repre- 
sented by 4, the sum of all of them will 
be &r,. Specific heat may be represented 


| 


For perfect gases we have 


rh) 
oo 


2 T, 


and substituting 


Ps _ 
T 


> 


from which finding p,v 


2°2) 


in equation (dz), gives : 


Pad Ts 

kr, et ¢, 
a Pro 

~ (y—I)r, 





which value is given on page 319 of text. 
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e. Specific heat of an imperfect gus.— 
As shown by equation (a) the expression 
for the specific heat in this case contains 


the term 7 P ‘Pate, which represents the 


amount of heat absorbed and stored in 
the body in doing internal work at the 
temperature 7 for a change of tempera- 
ture of one degree on the supposition 
that the rate of doing the internal work 
is uniform throughout the degree. It 
does nvt involve a change of volume— 
the heat thus absorbed does not affect 
the temperature —but disappears, as in 
all other cases where heat produces work. 
To find its value for a particular case, 
we again take the equation for carbonic 





acid gas. We have found, Equation (2) 
paps tt 

tae 

and tf d= —2at Fi : =, (f2) 


The differentiations are performed on 
the supposition that 7 is variable and v 
constant, but now the integration is to 
be made with 7 constant and v variable. 
But whence this infinite limit, since the 
term has been produced from one con- 
taining the finite limits of expansion, as 
shown by equation (C). 

The answer will be more clearly shown 
in the consideration of the more general 
case hereafter considered, but the fact 
may here be stated that since heat has 
been represented by an area, so here the 
value of the expression in equation (2) 
is assumed to be an area representing an 
indefinite expansion at constant tempera- 
ture. According to this view v now be- 
comes an abscissa to such an édeal area, 
and not that of an actual expansion as 
appears in the expression pdv, and the 
use of the infinite limit at once becomes 
apparent. The author is not satisfactory 
on this point. He refers to it twice, once 
in our text and once in one of his origi- 
nal papers, and in neither case is a satis- 
factory explanation given, unless the one 
in the text be so considered. 

There is probably no difficulty involved 
in the fact that v is constant during the 
differentiation. It is the case of a gas 


confined in an inextensible vessel—like a 








cylinder containing an immovable piston 
—the gas being heated from zero tem- 
perature or from any finite limit 7, toa 
higher temperature 7, but is impossible 
to find the total heat absorbed, or the 
internal work done from zero to T, or 
even through a finite range of tempera- 
tures, as shown by Equation (/2), since 
tT is not a function of v only. In estab- 
lishing the differential equation, however, 
we need only the work for an infinitesi- 
mal change of temperature, so that we 
may consider 7 constant in (fz) in deter- 
mining the coefficient of dr of Equation 
(B), and the expression becomes 
2a dv _ 2a 


; == 
t,/ ,v tv 


(gz) 


Whenever p in equation (v) is less 
than R = , the sign before equation (gz) 


will be negative, and since in this case 
the value of the second member must 
be added to & in equation (B), the infin- 
ite limit will be inferior. 

In order to find a numerical value for 
this term it is necessary to assume defin- 
ite values for rand v. Taking p=p,= 
2116.4 pounds, the pressure of the at- 
mosphere on a square foot, 7, =493.2° F., 
the absolute temperature of melting ice, 
v,=8.15725 cubic feet in one pound of 
carbonic acid gas at the above pressure 
and temperature (page 229 of the text), 
and @=3.42 x 17264 x 8.15725, we have: 


2a 17263 
7,70, (498.2)" 
At 60° F.=512.2° F. absolute, the vol- 
ume being the same, we have: 
2a , 17263 
Fo, 2.2)" 
The real dynamic specific heat of this 
gas being 132 foot pounds, equation (B) 
becomes 


7; 
dH=(132 + 0.435)dr+7 a 


= 8.84 =0.484 foot pounds. 


=0.435 foot pounds. 


dv. 


The second term in the parenthesis is 
so small compared with the other that it 
may be omitted for ordinary ranges of 
temperature. Itis less than the limits 
of the errors of observation. Rankine 
treats it as constant, and then rejects it 
on account of its relatively small value 
(see remark on page 317 of the text) 
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This mode of treatment, however, is 
not theoretically correct, and very small 
values of 7 and vw give abnormally large 
results. Fortunately, we have no occa- 
sion to use values of Tt so small as 1°, 
10°, 100°, or even 300°, nor of v Jess than 
3 or 4 cubic feet, and even with these 
extreme values the result will still be so 
small that it may sufely be rejected. This 
part of the analysis is very refined, and 
we seriously question whether it accu- 
rately represents nature, and it is a con- 
solation to know that it may be discarded 
in practice. The most important term, 
in dealing with imperfect fluids, is the 
third one in equation (B) and involved in 
the part 7 - 4 
dt 

The result as to pressure, volume and 
temperature may be conceived to be pro- 
duced by compressing the gas from an in- 
definitely large volume along the adiabatic 
MA, Fig. 23, doing external work MAv,X 
upon the substance, the internal work 
due to compression MAam, which will be 
negative, and conceived to be due to the 
attractions of the particles for each other, 
and therefore assisting in producing com- 
pression, and the internal work maa,m, 
due to an increase of the temperature. 
Or, if the substance be expanded indefin- 
itely from the state A, it will do the same 
amount of positive external work, and 
the internal work previously done by in- 
creasing the temperature will now be 
transmuted again into heat, which ulti- 
mately is conceived to become zero, being 
expended in doing work by an indefinite 
expansion. Since the adiabatic AM is 
determined by the relation between the 
volumes and pressures only, the work done 
by adiabatic expansion will be a function 
of the pressure and volumes only, or of 
the temperature and volume only. The in- 
ternal work done by an adiabatic expan- 
sion is partly at the expense of actual 
heat, represented by the area MAam, and 
partly by the heat which became latent 
or potential on account of the increase of 
temperature, and represented by maa,m.,. 


Let rf sf dv=P 


then will the integral of equation (B) be 


(Az) 


H=(k+P) (z, =1)+f sD aw (E) 





the last term of which cannot generally 
be integrated since the pressure p may 
dp 


, 3 not a 


not only be arbitrary, but rt 


function of v only. 
Let Ov,, Fig. 23, be the volume of a 
pound of the fluid without heat or press- 


Y 


| 
| 
| 
| 








° 


ure, to which heat being communicated, 
the pressure will be raised to v,A, while 
the isothermal representing the tempera- 
ture passes through a, AM an adiabatic, 
am an adiabatic through a as for a per- 
fect gas, and a.m, a line following the 
general course of am, and becoming an 
asymptote to it. 

From the state A let the substance ex- 
pand from », to v, and receive heat from an 
external source raising its temperature 
from 7, at A to r, at B, doing the exter- 
nal, or visible work, v,v,BA, and the in- 
ternal work due to expansion AB4@,a, ; 
and from the state B expand adiabatically 
doing the ideal external work N Bv, X 
and the internal work NB),n,. The area 
nbb nm, represents the latent heat due to 
raising the temperature from zero to Tf,. 
The several terms of equation (E) will be 


kr,=nbv,X 
Pr,=nbdb,n, 
kr,=mav,X 
Pr,=maa,m, 
dp 


‘7 dv=v,v,),a,. 


Hence Equation (E) is represented by 
the entire area of the figure , b, a, v, X 
less the area m,a.v,X, or 

H=n,b,a,m, indefinitely extended. (E,) 

But if the fluid be worked in the eycle 
v, to A, to B, to v,, to v,; or better, in 
the cycle MABN, the internal work will 
be zero, or 
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ABO,a,+NBdn,—MAa,m,=o (iz) urally from the analysis, the nature of 
which has already been explained. We 
have represented it by the area nbhn.. 
| The integral of the first member, consid- 

H=MABN (E,) ering both 7 and v as independent vari- 
for the resultant integral of equation (E), bles, is also the integral of the sccond 
as stated by our author on page 313, member, or 


which, subtracted from the second mem- 
ber of the preceding equation, gives 


But to produce this result by algebraic; y y 
lysis r a a ‘ther tr: sforma- ! 2 dp 2 dp, 
analysis requires a iurther trans orma-) /” (z Ms —p,)do= f 7 -p.) dv 
tion. _. dr Vee = dr JP 
' OD ’ 
Adding J pao to equation (E), and sub- | . 


2 2 Cp = 
° ° ‘ | JS 4 tT, (vat, 
tracting it from the same, gives x Oz 
2 3 =—NB).n ) =—NBin, ke 
H=X(7,—1,)+ / rl do(t,—t,) + | alates ous — 
—- ‘and this is a function of the /emperature 
w/ dp \ avy ‘and volume only, and hence implicitly of 
JS (7 —p) do +f pdv (E,) | the pressure and volume only. The last 
: : ” ™ |term of equation (jz) may be expressed 
in which p is an ordinate to AB, and jn the same form. 
hence the last term expresses the exter-| In regard to the signs of the terms of 
nal work performed during the expansion | Equation (kz) we observe that we con- 
from v, to v, and equals v,v,BA. The gider 
entire internal work performed by a rise | °7 dp 
in the temperature and an increase in the J (Pp) atv 
volume is expressed by the second and ™ 
third terms, respectively. Let p,=vf'be|as positive, and by inverting the order 
an ordinate to the adiabatic BN and »,! of the limits it becomes negative, and we 
=vg to AM, then we have for the stripj have written it—NBd,n,; and in regard 


above BN to the other term we have previously 
7 dp shown why it should be positive as it 
JS (7<2—p,)\do=NBO,n, stands. Or, regardless of the resulting 
" signs of the values following any order 
and for that above AM of integration, it will be observed that 
°7 dp the result sought is the difference of the 
JS (¢2:—p,)do=MAa,m, areas NBb,n, and ndb,n,, and that this 
o,\ dr result is, ultimately, to be subtracted 
v, dp from nbv,X. 
and (7 Pp) dv=AB),a 
i at P) a Let ree 
and equation (iz) gives J (7 —p.), yveo= —-S, (&% 
@ 1 
v v 
24 dp . 2/ dp then 
J, aoe (7 Psp, )av —S,=—NBd,n,+nbd,n, (22) 


9 and similarly, 
-f{ («2-p,)ao (jz) —S,=—MAam,+maam, (nz) 
T 
."" and these several equations finally reduce 
The complete differential of the first | (E,) to 


ber i 0, 
term of the second member is H=kr,-8,+ / ode—(kr,—8,) 
%, 


v, 
ad. f (<P p,)av=(rP+—p,)ao =MABN (E,) 
7 A discussion of this equation should 


+ S eitsae . dr,| give essentially the same results as be- 
« at fore found. 


the last term of which now follows nat-| «. Let no heat be supplied. Then 
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H=0, and work wi!l be done by an adia- 
botice expansion, and in Fig. 24 we have: 














kr,=mav,X, 
S,=MAam, 
J pdo=v,v,AB, 
kr,=mbv,X; 
S,=MBdm, 
hence, (Equation E,), 


”, ‘ Ws 
i J Pia 
=(kr,—S,)—(kr,—S,), 
=MBv,X—MAv X, 
=—v,BAv.. 
6. Let no external work be done. Then 
JS pio=o, and v, falls on v,, and all the 


work will be internal during the increase 
of temperature. ‘The equation becomes 


H=4r1,—S,—(hkr,—5,) (02) 
If r,=0, and S,=o, this becomes 
H=4r,—S, ( pz) 


But to heat a perfect gas to the tem- 
perature 7, requires an amount of heat 
represented by £r,, and it has been pre- 
viously shown that to heat an imperfect 
gas to the same temperature requires a 
larger amount of heat, whereas, accord- 
ing equation (pz), it appears to require 
less in the latter case. But, according 
to equation (jz), the left member will be 
zero for this case, and the right member 
will give, Fig. 23, 

NBd,n,=MAa,m.,, 


(observing, however, that for this case 
v,A will fall on v,B), and this in equations 
(mz) and (nz) gives 


—S8,+S,=nbb,n,—maam,, 
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if S, be zero, we have 
—S,=mbbm,, 
and equation (pz) becomes 
H=Ar, + mbb.m,, 


a result which agrees with previous an- 
alysis, and is consistent with the princi- 
ples of the subject. This part of the 
discussion would be facilitated by substi- 
tuting the values of S, and S, of equations 
(mz) and (vz), for 5, become positive 
when no external work is done. 

ce. Let the tempcrature be constant. 
Then 7,=7, and equation (E,) becomes 


v 
"alli ~ ‘ 
H= / Feelin iat 
2 


In this case the last terms of equations 
(mz) and (vz) are equal, and we have 


—S,+5,=—NBd,n, + MAq,n,. 


Professor Tait, an ardent admirer of 
our author says of him: “He was ambi- 
tious ; that is obvious from the number 
and variety of his books and papers, and 
the quite unnecessary display of symbols 
in several of his less popular writings.” 
But there was not an unnecessary display 
of symbols in explaining article 247 of 
the text. More explanations on his part 
would have been acceptable to the stu- 
dent. 

In regard to article 248, in which p 
and tr are the independent variables, we 
regret that the author has not left a solu- 
tion which is accessible, for we anticipate 
that it would contain some master strokes 
of analysis. A solution is given in Mc- 
Culloch’s “ Mechanical Theory of Heat,” 
in accordance with Rankine’s suggestions 
but even when separated from other an- 
alysis in the work it is rather lengthy. 
Clausius carries the two cases together— 
first with v and 7 as independent varia- 
bles; and, secondly, with p and Tf as in- 
dependent variables—but the general so- 
lution is somewhat lengthy. We offer 
the following special solution : 


Let W=the energy of the body, in- 
cluding the heat energy and 
the internal work. 


U= S: pdv=the external work. 


H =the heat imparted to the sub- 
stance; then 


j 
it 
i 
et 

: 





= wcs 


—— 





Pee ee 
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dH=rtrdp=dW+pdv 
,¢p_aW 


dp dp 
IP _ dW 


dr dr 


dv 
P lp 

dv 

dr 
in which p and 7 are the independent 
variables. Eliminate W from these equa- 
tions; to do which differentiate (2) in 


reference to 7, and (3) in reference to p, 
and subtract, giving 


d?v 
dp dt 
' d*v 
é dp dr 


drdp 


dt dp 
drdp 


dp dr 


ew 
dp dt 
aw 
~ dp dt dr* 


dp dv 


tir’ dpt? 


d’*p 
* dp dr 


d’p dv 


dp dr 


PA 
dp’ a ‘dr 


dv 


dp dt dp 
~ at 


dp dp* dr 


_ dp dv 
dr‘ dp 


dt 
Now —- 
dp 
crement in p while 7 is constant, 
dt dp 
—=o0, and in the second member = 
dp adr 
is formed by an assumed increment in rT 


Z 
a which is 
dr 


is formed by an assumed in- 


while p is constant, .°. 


in agreement with Clausius process (see 
“ Mechanical Theory of Heat,” translated 
by Browne, page 115). We thus have 
the partial differential equation, 


dQ, _ _d 
ers 


dp 
dv 
(dg), =— Lap 
eo ; , dg 
The partial differential equation (=*) 


directly dependent upon the temperature 
is, from Equation (1), 


qo 


‘ ya 


(dg),= 


_ (42, 
(Ze 


(de.=7(4-)% 


and the total differential will be 





dv 


] (= dr 
= 3 dr? 


which for a homogeneous body becomes 
(F) 


where ky is the specific heat at constant 
pressure, and in the case of fluids is con- 
sidered constant at all temperatures and 
pressures. The integral is 


dv 
p=ky log. t -f up 


Since /, is constant for a particular 
substance, we may find the form of its 


~|developed expression by using a perfect 


gas, for which we have 


dv_v P.vY,T_ pT 

eo © »~"s 
dv 

. dp=RE RS 


which, substituted in (F), gives 
dH=rdp=(kp —R)dr+pdv 


which has changed the equation from r 
and p independent variables to 7 and v. 
But for a perfect gas, Equation (B) be- 
comes 


dH=kdr+pdv; 


Kp =k Pet 
ky =h+ : 


and this substituted in (F) gives 


P= (4422s = Pe) log. r— f Pap 


which is equation (1), page 314 of the 
text. It may also be written 


Jdqg= 
» PM 7 ad dv 
(3% + )ar (are +dp 5) oao 


as given by the author in the Philosoph- 
ical Magazine, 1856, (2), page 103. 
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THE DISTRIBUTION OF ELECTRICAL ENERGY. 


From ‘Iron.’ 


In his recent inaugural address, the| played, the plants and shrubs remained 
President of the Society of Engineers, | green and healthy to the last; the 
referring to the Gaulard-Gibbs system of | flowers, too, showing forth at night in all 
electrical distribution, observed that the| their brilliancy of natural color. But, 
installation at the Grosvenor Gallery,| given all the manifest advantages per- 


and its application to a number of estab- 
lishments in the neighborhood, consti- 
tuted “ the first practical and commercial 
example in England of bona fide house- 
to-house distribution of the electrical 
current from a central station.” ‘The 
importance of the subject, no less from a 
scientific than a commercial point of 
view, induces us to look somewhat fur- 
ther into the matter. This we are en- 
abled to do by the light of an interesting 
ing brochure which has recently been is- 
sued by the National Company for the 
Distribution of Electricity by Secondary 
Generators, Limited, whose offices are at 
18 Warwick street, Regent street, Lon- 
don. This pamphlet deals with the ques- 
tion of electric lighting from a general 
point of view, and describes the develop- 
ment and progress of the Gaulard-Gibbs 
system from its first appearance before 
the public to its present successful issue. 
Turning first to the advantages of electric 
lighting, it is to be observed that the 
great superiority of the electric light 
over gas as an illuminant, and the 
marked advantages secured by its use, 
both from a sanitary point of view and 
for the preservation of books, pictures, 
art decorations and metallic ornamen- 
tation generally, from the injury inflicted 
by gas, are so well established that it is 
needless to dwell upon them here. A 
striking example ‘of the results of the 
two methods of lighting was afforded 
during the gas and electrical exhibition 
held at the Crystal Palace in 1882-83. 
In the south nave, which was devoted to 
the exhibition of gas-lighting apparatus, 
the trees and shrubs suffered most 
severely, being materially injured after the 
exhibition had been open for a few weeks 
only, whilst at its close nought remained 
but, for the most part, a display of 
shrivelled leaves and fast withering 
stems. On the other hand, in the north 
nave, where the electric light was dis- 





taining to the use of the electric light, 
the problem arose how the benefits con- 
ferred by this principle of illumination 
were to be made to reach the general 
public. It is manifestly out of the ques- 
tion that the average householder can 
afford to have an engine and a dynamo 
machine fitted on his premises. And 
even where such can be afforded, the 
space necessary for their proper location 
would in most instances be wanting. 
And yet this is all that, as a rule, could 
hitherto be offered by most of the electric 
lighting companies. It stands to reason 
that, if the employment of gas had ne- 
cessitated the manufacture of that illu- 
minating agent on the premises of the 
consumers, its use would have been con- 
siderably restricted. It is true that 
there is the accumulator system, in which 
the batteries are charged at the works, 
delivered at the consumer’s house, called 
for when the contents have been used, 
recharged, and returned to the consum- 
er. But how many are there who adopt 
this system for ordinary, regular every- 
day use? Probably not one, the only 
patrons of this system, doubtless, being 
those who elect to have their salons 
lighted by it on special occasions. And, 
after all, it is only the exact method 
adopted in distributing coal gas to con- 
sumers in the earliest days of its public 
use. 

A retrospective glance at the recent 
history of electric lighting shows that 
its practical introduction for general 
purposes in this country dates from the 
year 1877, when the Jablochkoff electric 
candle, as it was called, was first ex- 
hibited as fitted up in a warehouse and 
on board a ship in the West India Docks. 
The next step was the adoption, in 1878, 
of this system on the Thames Embank- 
ment, where it continued in use till 1884 
From the long stretch of road illumi- 
nated by this means it was thought at 
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one time that the system was destined to 


subserve the most important purpose to | 


which electric lighting can be applied, 
namely, general house-to-house illumina- 
tion, the current being distributed over 
a given district from a central generating 
station. To this purpose, however, it 
never was and never could be applied, 
and the fact, moreover, remains that, al- 
though many systems of electric light- 
ing have since been introduced, some of 
which are still doing good public service, 
not one, with the exception of the Gaul- 
ard Gibbs system, has succeeded in 
establishing a claim to be considered a 
practical distributing system, although 
in several instances’ such a claim has 
been seriously advanced. The main 
reason for this is that in every system 
except the Gaulard-Gibbs a primary elec- 
trical current is employed—that is, a 
current taken direct from the dynamo, 
led along a conductor just as produced, 
and used without undergoing any inter- 
mediate modification or change. To 
conduct such a current to any useful 
distance, and to divide it into a large 
number of small parts, so to speak—so 
as to distribute it over a large area in the 
form of numerous lights of moderate 
power—would require conductors of enor- 
mous diameter. The dimensions would 
be such as to preclude their use, both on 
account of their weight and also their 
cost, as they would necessarily have to 
be made either of copper or of bronze. 
The limit at which incandescence lamps 
can be practically lighted by any direct 
system is reached at 500 yards from the 
producing dynamo. 
element which presents itself in all direct 


systems is that of danger to life when a) 
high tension current is used, as is the) 


case when it is desired to light arc lamps 
over a considerable distance on a circuit 
not metallically closed. 

The essentials of success in any sys- 
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‘of being modified to meet varied re- 
quirements, or, conversely stated, every 
| special purpose—such as are lighting, 
incandescent or glow lighting, electro- 


Another disturbing | 


tem having for its object the distribution | 
of electricity on a practical scale are the | 


opposite of what has been stated. In 


fact, it can only be accomplished by the) 


distribution, not of the electrical current 
itself, but of electrical energy repre- 
sented by the current. It should be 


plating, and the furnishing of motive 
power—has to be provided for by a 
special current-transforming apparatus. 
Now, properly treated, a given primary 
current can be made subservient to all 
these purposes by means of one and the 
same intermediate apparatus or convert- 
er. Then, again, when produced, tho 
distribution of this transformed current 
must be effected without danger to those 
who -are using it; otherwise no system 
of production, however successful scien- 
tifically, can hope for public patronage. 
In fact, its dangerous character would 
prohibit its adoption, and hence it must 
fail commercially. 

So far as present experience shows, 
the only system by which the conversion 
of primury into secondary currents can 
be efficiently, economically, and safely 
accomplished, and those converted cur- 
rents satisfactorily utilised, is that of 
Messrs. Gaulard & Gibbs. This system 
of secondary generators is founded upon 
the results of experiments made many 
years ago by Ampére, who demonstrated 
that bobbins of insulated copper wire 
were influenced by electric currents being 
passed through them. The phenomena 
of induction were also studied by 
Faraday, and his investigations threw 
still further light upon the results 
obtained by Ampere. Proceeding to 
give practical effect to the experiments 
of Ampere and Faraday, Messrs. Gaul- 
ard & Gibbs constructed an apparatus in 
which the main feature was an insulated 
copper wire conductor of comparatively 
small diameter, surrounded by other 
finer insulated wires. ,These wires were 
coiled spirally. The main wire was con- 
nected up with a dynamo machine cap- 
able of producing an alternating current, 
whilst the spiral covering wire was con- 
tinued to the lamps. Upon the machine 
being started, a primary current was 
produced, which, traversing the main 
wire, induced another or secondary cur- 


‘rent in the spiral covering wire, which 


understood that the energy of a current | 
is a very different thing from the current | 
itself, inasmuch as every given current| The principle upon which the system de- 


has special properties which are capable | pends is that the primary and secondary 


current could be rendered capable of 
application to either arc or incandescence 
lamps, or to the driving of machinery. 


J° 


. 











: 
5 
: 
j 








THE | DISTRIBUTION OF 


conductors shall be of al: mass and 
equidistant from the iron core. The 
secondary generator is composed of 
columns, and these columns are divided 
up into groups, and so connected as to 
admit of the current induced on the sec- 
ondary conductors by the influence of 
the alternating current which traverses 
the primary conductor being made to 
develop at will different potentials—that 
is, the different qualities of current re- 
quired respectively for are lamps, incan- 
descence lamps, and motive power. An 
important feature of the system is that 
a metallically closed circuit is used to 
convey the primary current. Llence no 
limit need be fixed to the electro-motive 
force of the current, which, on such a 
circuit, may be rendered absolutely free 
from danger. 

Such is the principle of the Gaulard- 
Gibbs secondary generator, the first pub- 
lic exhibition of which took place in the 
Electric Lighting Exhibition, which was 
held in the Royal Aquarium, Westmins- | 
ter, in 1883. ‘This machine consist-| 
ed of sixteen parallel columns, placed | 
vertically between a base and an entabla-| 
ture of wood, to which they were indi-| 
vidually’ attached. Each column was! 
formed of a hollow cardboard cylinder two 
inches in diameter, around which was| 
coiled, in two layers of superposed | i 
spirals, a cable composed of a central| 
copper wire an eighth of an inch in| 
diameter covered with a double layer of| 
paraffined cotton. Around this central| 
wire, which formed the main conductor | 
of the primary current, and completely 
enveloping it, were placed in parallel 
order six cables, each composed of eight 
fine copper wires similarly insulated by a 
double layer of paraffived cotton. By 
this arrangement the inductive reaction 
which would occur in the spirals of the 
primary circuit if they were placed next 
to each other was prevented. The col- 
umns were disposed in four groups of 


| 
| 
| 





four each, and were so arranged that the} 


terminals of their inductor were brought | 
to the commutator placed in front of the| 
apparatus, the object of which was to} 
direct the primary current by one or| 
more of these groups of columns. The| 
terminals of the secondary wires were 
themselves conducted to four circular| 
commutators of identical construction | 
placed on the side of the apparatus, the| 
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object of which was to nati these ter- 
minals by means of a simple handle, 
either in parallel order or end to end. 
By means of these commutators the in- 
dividual ends of each column could be 
connected separately or in groups to the 
apparatus of consumption, whether lamps 
or motors, which the secondary gener- 
ators had to supply with a current. In 
the centre of each column was an iron 
wire core, the magnetic action of which was 
regulated by means of a movable brass ¢: ap 
or cylinder. These cylinders emerge from 
the upper portion of the generator, their 
function being to graduate the intensity 
of the secondary current, and therefore 
the intensity of the light produced at 
the lamps, and this it did most effect- 
ively. ‘Lhe brass cylinders were moved 
up and down, or, in other words, the in- 
tensity of the current was regulated by 
means of four hand-wheels just under the 
entablature. A striking characteristic of 
this apparatus was that, although tra- 
versed by currents of the highest po- 


| tential, every exposed metallic part might 


be touched without the risk of receiving 
a dangerous or even an inconvenient 
shock. 

The first practical application of the 


| Gaulard-Gibbs system, as already stated, 


was made on the Metropolitan Railway 
in December 1883. The generating ma- 
chinery, which was located at the Edge- 
ware Road Station, consisted of a 25 
horse-power steam engine, which ran at 
a speed of 120 revolutions per minute, 


}and was supplied with steam from a Corn- 


ish boiler at 60 lb. pressure per square 
inch. The engine drove, through a 
countershaft, a Siemens W° alternating 
eurrent machine, running at 600 revolu- 
tions per minute, and excited by a small 
Siemens dynamo running at 1,000 revo- 
lutions per minute, the large dynamo 
giving 16,000 alternations per minute. 
The primary wire was led from the large 
dynamo to the secondary generator, 
which supplied the current to a series of 
are and incandescence lamps in the 
booking-office and on the platform of the 
station. After traversing the generator, 
'the primary wire was carried out of the 
station and along the course of the line 
‘at the side of the tunnel to Notting Hill 
Gate station. It returned thence to 
| Gower street, King’s Cross and Aldgate, 
and back again to the Edgeware Road, 
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being intercepted by secondary gener-|amperes, was placed in the exhibition, 
ators, and the current tapped and used | and the conductor, a bronze uninsulated 
for lighting at five different stations alto-| wire one-eighth of an inch in diameter, 
gether, including that at the Edgeware | was carried by insulators on the ordinary 
Road. ‘The primary circuit in which | railway telegraph posts to Lanzo, a town 
these generators were placed was com- at the foot of the Alps, and twenty-five 
posed of a single wire fifteen miles in| miles distant by the line of telegraph 
length and only one-eighth of an inch in posts from the exhibition. In the exhi- 
diameter. ‘lhis primary circuit was me- bition building several secondary gener- 
tallically closed throughout its entire! ators were used for supplying electrical 
length with the terminals of the dynamo currents to various kinds of lamps, whilst 
machine at the Edgeware Road station. other generators were placed at different 
The management of the secondary gen- points on the circuit for the same pur- 
erators was found to be so simple that) pose. Thus the railway station at Turin 
from the first, and during the whole of| and those at Venaria Reale and Cirié en 
the five months the system was in use on| route were brilliantly illuminated by 
the line, the apparatus was left in the | means of both are and glow lamps. The 
care of the inexperienced employes of|Lanzo station was similarly illuminated 
the railway company. The results proved | by arc lamps of the Siemens and the Sun 
highly satisfactory, and as regards the| types, and by glow lamps of the Swan 
effective work, it was shown by Dr. Hop-| and Bernstein patterns, tastefully distrib- 
kinson to be 90 per cent. In fact, it was| uted over the interior and exterior of 
practically demonstrated that the loss| the station, and fed through several col- 
occasioned by the transformation of | umns of Gaulard-Gibbs secondary gener- 
electrical energy into light did not exceed | ators by currents generated 25 miles off 
10 per cent. at Turin. This installation formed the 
The experience gained during the| subject of long and exhaustive investi- 
practical trial of the system on the) gation by the interational jury of the 
Metropolitan Railway led to several| electrical section of the Turin exhibition, 
modifications being made in the form of|and thoroughly demonstrated the value 
the apparatus, although the principle re-| of the system. The practical outcome 
mained precisely the same as in the first; was that, by the verdict of the jury, a 
instrument shown at the Westminster| prize of 10,000 fr. (out of 15,000 fr. 
Aquarium exhibition. The improved | placed at their disposal for prizes in the 
form of apparatus embodies the most | electrical department) and a gold medal 
simple and practical method of applying| were awarded in respect of the inven- 
economically the principle involved. Fur- | tion. 
ther research has led to the formation of| The most recent installation is that at 
the inducing and induced circuits by|the Grosvenor Gallery, which has been 
means of copper discs, superposed and| undertaken by Sir Coutts Lindsay & 
furnished with ear-pieces, by which they|Co., Limited, and where for several 
are connected together. months past the secondary generator 
Considerable as was the circuit of 15/| system has been in operation ona gradu- 
miles on the Metropolitan Railway, it/| ally extending scale, having been succes- 
was greatly exceeded in the second in-| sively applied to a number of establish- 
stallation, which was carried out at the| ments in Bond street and the neighbor- 
Turin Exhibition in 1884. Here electri-| hood. Messrs. MacKenzie & Brougham, 
cal energy was transmitted to a distance | of 15 Great George street, Westminster, 
of 25 miles from the machine along a/are the engineers to this installation. At 
single conductor, which formed, conse-| the International. Inventions Exhibition 
quently, a circuit of twice that length, or|held in Landon in 1885, the National 
50 miles. Electric currents of varying|Company for the Distribution of Elec- 
potential were developed at the extrem- | tricity by Secondary Generators, Limited, 
ity as well as at several points on the| distributed by means of a Siemens 
circuit, forming an unprecedented fact | dynamo current to various types of elec- 
in the history of electric lighting. A|triclamps. They were awarded by the 
Siemens dynamo of 60 horse-power, sup-| jury a gold medal for “the successful 
plying a current of 3,000 volts and 10 working out of a system of electrical 
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distribution by induced currents.” At 
Aschersleben, in Germany, an installation 
has recently been completed, and is 
working most satisfactorily, comprising 
the distribution of 200 horse-power in 
light over a circuit of about six miles; 
some of the lamps being employed to 
light a mine. In this case the first 
practical application of the system will 
be made to the distribution of mechan- 
ical power. The current supplied by the 
secondary generators isa!so to be used for 
electro-chemical purposes. The lighting 
of the town of ‘Tours, in France, is about 
to be inaugurated, the installation of the 
first 200 horse-power plant and ma- 
chinery having been completed. In Italy 
installations will shortly be completed 


for supplying lights to the towns of! 





Turin and Tivoli by the company’s sys- 
tem, and arrangements are in progress 
for transporting 2,000 horse power, de- 
rived from the waterfalls of Tivoli, from 
Tivoli to Rome, to be applied in lighting 
the principal part of the latter city. In 
the United States of America an eminent 
firm—Messrs. Westinghouse, of Pitts- 
burgh—has undertaken to work the sys- 
tem. We have now indicated the deve- 
lopment of this promising system, and, 
after an impartial consideration of tha 
facts stated, we cannot evade the conclu- 
sion that it has made material progress 
—a progress which, as far as we are 
aware, is without a parallel in this coun- 
try as regards house-to-house distribu- 
tion of the electrical current. 


EXPERIMENTS WITH LIGHTHOUSE ILLUMINANTS. 


By E. PRICE EDWARDS. 


From the “Journal of the Society of Arts." 


Before entering upon a deseription of 
the experiments with lighthouse illumin- 
ants which were carried out at the South 
Foreland in 1884-5, I think it proper to 
state that it would be out of place, on 
the present occasion, to refer to any per- 
sonal considerations which may have 
been connected with the question of 
setting these trials on foot, therefore I 
shall address myself solely to the practi- 
cal view of the subject, and endeavor to 
present to you, from my own knowledge, 
a dispassionate and impartial account of 
these important experiments, and put 
before you the conclusions which may be 
legitimately drawn from them. 

For the benefit of those not technically 
acquainted with the details of lighthouse 
illumination, I must make some prelim- 
inary observations of a general character. 

For very many years the illumination 
of lighthouses has been an attractive sub- 
ject for the efforts of earnest inventors, 
and the suggestions of fanciful specula- 
tors. I will not detain you with a recital 
of the numerous schemes which, from 
time to time, have been put forward, but 
will at once tell you that the only illum- 
ating agents which have successfully 
borne the tests of experiment and experi- 
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|ence, and have been found to be service- 


able for lighthouse purposes, are oil, gas, 
and electricity. The cardinal principle in 
connection with the maintenance of our 
coast lights is certainty; there must be 
no breakdown of the lights between sun- 
set and sunrise. Muriners approaching 
our shores at night from distant parts 
are almost entirely dependent upon their 
sure and effective exhibition. Kach one 
must be readily and certainly recogniz- 
able, in accordance with the advertised 
intimations of its special characteristic. 
In fulfillment of this essential condition 
it has come to pass, by a process analo- 
gous to that of the survival of the fittest, 
that oil, gas, and electricity remain the 
only sources of light upon which com- 
plete dependence may be placed for the 
purposes of effective lighthouse illumina- 
tion. 

In continuation of these preliminary 
remarks it will be useful to consider the 
general subject under three headings: 

1. The actual sources of light. 

2. The mechanical means by which the 
light is sustained and controlled. 

3. The appliances for utilizing the 
light produced in the manner most ser- 
viceable to the mariner. 
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As each of the above named divisions | In this country inoue tests are applied 
would, in itself, afford ample material for|to ensure the oil sent to lighthouses 


a paper, I must ask you to forgive my| being of the very finest quality. 


touching them with a light hand only. 
My object will be simply to give those of 
my hearers to whom the subject is un- 
familiar some general notions which will 
make the Jatter portions of my remarks 
more intelligible to them, and to conneet 
the general principles of lighthouse sci- 
ence with the investigation at South 
Foreland. 


1.—soUncES OF LIGHT. 


Oil_—Regarding these three illumin- 
ants as mere sources of light without 
reference to burners; lenses, or any of the 
appliances used in ordinary lighthouses, 
we will first give our attention to oil, 
which is the oldest of the three, its use 
dating back for nearly 100 years, when it 
began to replace the coal fire and candle 
systems of the last century. For the 
greater part cf this long period sperm oil 
was used, but in 1845 it uae demonstrat- 


ed that rape seed or colza oil could be | 


burned as effectually and at much less 
cost, and the use of sperm was discontin- 
ued. In modern times mineral oil has 
come to the front, and threatens to sup- 
plant the vegetable oil entirely, being 
very much cheaper, and giving an iJlum- 
inating effect almost, if not aged equal 
to that of rape oil. The latter is, how- 
evcr, still employed at isolated roc a light- 
houses and on board lightships, chiefly 
for ccnsiderations of safety. The mineral 
oil now used in this country is paraffin 
obtained by the distillation of shale, and 
is at present supplied witha flashing point 
of 154° Fabr., thus rendering it a perfectly 
safe oil for use in thisclimate. Quite re- 
cently,a mineral oil, having aflashing point 
above 250° Fahr., kas been tested with 
most encouraging results, which, if cor- 
roborated by further tests, will make it 
very suitable for rock lighthouses and 
ligutships, and will tend to shut out rape 


'.820 at 60° 


302° 


Both 
rape and paraffin must burn without re- 
quiring to be trimmed for 16 hours. 
Careful examination of each is made to 
ascertain if any acid is left in, or other 
deleterious compound mixed with either 
kind of oil. The requirements in respect 
of the paraffin now used are that it must 
have a specific gravity between .810 and 
Fahr.. with a minimum flash- 
ing point of 140° Fahr. (close test), and 
nust distil between the temperatures of 
and 572° Fabr. The conjunction of 
such qualities as are indicated by the 
above requirements provides an effective 
and, in other respects, suitable oil for 
burning in lighthouses. 


So far as the experiments at the South 
Foreland are concerned, rape oil need 
not be taken into consideration. Paraftin 


of the description above referred to only 
was used, and may be regarded as the 
representative of the oil system. 

An important point may perhaps be 
here appropriately referred to in connec- 
tion with the cost of lighthouse oil. In 
the early stages of the discussion as to 
the relative advantages of gas and oil, 
about twelve or filteen years ago, eco- 
nomical arguments in favor of gas were 
based on the then prices of rape oil, 
which were variously quoted as 4s. 93d, 
3s. 103d, 2s. 9d. per gallon. In these 
days parvffin is supplied at 6d. per gal- 
lon, a fact which obviously changes the 
financial aspect of the comparison very 
considerably. 

Gaus.—In the year 1865, Messrs, Ed- 
mundson & Co., of Dublin, of which firm 
Mr. J. R. Wigham is an enlightened and 


|enterprising member, perfected a system 
iby which gas could be employed as a 


oil altogether, the latter being fully twice | 


the price of the new preduct. It is a co- 


lighthouse Uluminant. At first gas made 
from oil was emp!oyed ; but subsequently 
cannel coal gas was adopted. This 
illuminant was first established at the 
Howth Bailey Lighthouse, shortly after- 
wards taken to that at Wicklow Head, 


incidence that vegetable should displace | and subsequently extended to seven other 
animal oil, and that mineral should now | lighthouse stations in Ireland, and one 


be about to supplant vegetable cil. 
some few exceptions, which will be re- 
ferred to in dealing with gas and elec- 
tricity, oil is the general illuminant now 
used in l ghthouses of the United King- 
dom, as well as in all parts of the world. 





With | in England. 


‘The gas used is obtained, by the usual 
process of manufacture, from the best 
cannel coal, and gives an illuminating 
power much higher than that of gas 
made from ordinary north country coal, 
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such as is used in gas works of towns 


. 


1,000 cubic feet is less than that of an 


where a large supply is required to be| equal quantity of cannel gas, but even 


distributed. Burned in the London 
standard Argand burner, the gas from 
north country coal does not give a light 
superior to that of sixteen candles, as re- 
quired by Act of Parliament; whereas 
the gas made from good cannel coal, 
when burned in the London standard 
burner, yields a light almost equivalent 
to that of about thirty candles. For 
lighthouse purposes it is essential to have 
the best light, and therefore cannel gas 
has been exclusively employed, although 
much dearer than north country coal. 
The average price of cannel delivered at 
the lighthouses appears to range between 
40s. and 50s. per ton. A quantity of 
furnace coal, about one-half that of the 
eannel coal carbonized in the retorts, is 
required for each gas works, and the 
whole manufacture has to be carried on 
at the lighthouse station. The cannel 
coal used at the South Foreland was 
chosen by Mr. Wigham as best adapted 
for the experimental light to be ex- 
hibited, and came fron. the Lesmahagow 
pit. 

In addition to the use of cannel gas, 
trials were also made at South Foreland 
with gas obtained from mineral oil, which 
proved to possess an illuminating power 
equal to that of 46 to 50 candles. The 
gas-making apparatus was put up at 
South Foreland by Pintsch’s Patent 
Lighting Company, as exemplifying their 
system of making gas, which is of a sim- 
pler character than that of cannel gas. 
The works are smaller, and consequently 
cheaper, and the operation of gas-making 
can be carried out by one man alone. 
The oil used is paraffin, not refined, and 
is supplied at South Foreland at about 
6d. per gallon, but would be cheaper de- 
livered in London. ‘The oil is caused to 
drip on to a tray placed in the retort, 
where it is heated sufficiently to convert 
it into gas, which, after passing through 
some purifying operations, goes into the 
gas-holder. As compared with cannel | 
gas, the higher illuminating power of | 
Pintsch’s oil gas, in conjunction with the | 
comparative simplicity of manufacture | 
and economy of gas-making plant, all | 


assuming the price to be the same in 
both cases, the higher illuminating power 
of Pintsch’s gas would make it at least 
25 per cent. more valuable as an illumin- 
ating agent. 

During the trials at South Foreland 
the buik of the comparisons were made 
with cannel gas, and a small proportion 
only with Pintscli’s oil gas. 

Electricity.—The next division of our 
sources of light has reference to electric- 
ity. This illuminant has been employed 
with success in certain lighthouses in 
this country since 1862. In France it 
was first used in 1863, but of late years 
it has received a very considerable impe- 
tus in that country. The limited appli- 
eation of this luminary in the United 
Kingdom is not due to any practical dif- 
ficulties in respect of its installation, but 
rather to a dislike on the part of mwiners 
of its extremely dazzling and distressing 
light when tuey are close to it. The 
navigable channe!s leading to and from 
our ports and harbors are mostly near 
land, and are often crowded with ship- 
ping; a very dazzling light shining across 
the navigation at such a place would be 
likely to prove a source of danger rather 
than of safety. Chiefly on this account 
electricity has made but slow progress as 
a lighthouse illuminant in this country. 

In 1857 the discovery by Faraday, of 
magnetic induction in a coil of copper 
wire, was turned to practical account for 
lighthouse illumination by Professor F. 
H. Holmes, who then made the first com- 
plete magneto-electric machine. In that 
year trials with the newly-born electric 
light were commenced at South Fore- 
land, and were continued until 1859. 
Then it was discontinued at South Fore- 
land, but established at Dungeness light- 
house in 1862. After some further expe- 
rience a new lighthouse on Souter Point 
Coast of Durham was lighted up with 
the electric spark, and in 1872 it was 
brought back as a permanency to its first 
home at South Foreland, and has shone 
there successfully ever since. In 1874 it 
was removed from Dungeness, because 
the point was low and dangerous, and 


point to its probable superiority for light-| mariners did not like the light in their 


house purposes. 


posal are not sufficient to enable me to| from the point. 


Tbe data at my dis-| eyes, and could not judge their distance 


In 1877 it was taken to 


say with certainty whether the cost per! the Lizard lighthouse. It is now intend- 
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ed to show electric light from the light- 
house on St. Catherine’s Point, Isle of 
Wight, and from the high tower on the 
Isle of May, Frith of Forth. 

The machines originally employed for 
generating the necessary electrical energy 
were constructed on the magneto-electric 
principle, which necessitates the use of 
permanent magnets for the induction of 
electricity. I havementioned that Holmes 


made the first machine on this principle, | 


and Holmes’ machines are at present 
employed, after running fourteen years, 
in maintaining the lights shown from the 
permanent lighthouses at South Fore- 
land. In 1876, some trials were made 
with various electric generators, to as- 
certain which kind of machine was most 


suitable for producing the electric 
light for lighthouses. The verdict 


was in favor of Siemens’ dynamo ma- 
chines, and accordingly these machines 
were adopted for the Lizard Station in 
1877. 

In consequence of some serious irreg- 
ularities in the working of these ma- 
chines, and because at the time Baron de 
Meritens, of Paris, had perfected a very 
powerful and in some respects novel 
form of magreto-electric machine, it was 
resolved to send one of these new gener- 
ators to the Lizard, where it has worked 
most satisfactorily for several years. The 
experience gained at Lizard suggested 
that for the St. Catherine’s station, which 
it had been resolved to illuminate with 
electricity, the De Meritens’ machines 
should be employed, and they were ac- 
cordingly ordered; but as arrangements 
wer2 then being made for the South Fore- 
land experiments, it was agreed that 
these machines should be sent direct to 
South Foreland, to be used in the trials, 
and to be operated by the steam-engines 
already established there, there being a 
reserve power beyond what was required 
for the permanent electric lights. The 
De Meritens machine consists of five star- 
like rings, fixed parallel to and a little 
distance from each other. Each ring 
carries twelve permanent magnets of 
horse-shoe pattern, with their poles con 
verging towards a central horizontal 
shaft. Upon the shaft are mounted five 
brass wheels or discs, which revolve 
within and in front of the poles of the 
magnets. Each wheel carries twenty- 
four helices or coils on its periphery, and 


one revolution causes the twenty-four 
| coils of each dise to pass the twenty-four 
| poles of the twelve magnets in each ring, 
ithus producing alternate currents o 
|positive and negative electricity. The 
{machine is worked at a speed of 600 re- 
| volutions per minute, and the result may 
be popularly stated thus: 


Coils. Poles. 
| 24 x Bi x 


tings. Revol. 


5 x 600=1,728,000 pulsations 


v 


|of alternate electricity generated in one 
jminute, The electrical energy so excited 
\is taken off by collectors at the ends of 
ithe shaft, and conducted by leads to the 
‘lighthouse lantern. At the South Fore- 
|land the distance between the generating 
imachines in the engineroom and the 
electric light lantern was 850 feet, and 
Professor W. Grylls Adams has shown 
that one-third of the united energy de- 
veloped was expended in overcoming the 
resistance of this great length of con- 
ducting wire. Had the generating ma- 
chines been close to the lantern, the elec- 
tric light exhibited wou!d ‘have been 
reinforced by one-third more electrical 
energy than actually reached it. As a mat- 
ter of fact, these machines were made for 
the St. Catherine's station, where they 
will be oply a very short distance from 
the lighthouse. 

During the trials the machines were 
worked either singly or coupled up with 
two machines in series, and occasionally 
with three machines in quantity. The 
lights shown were produced by either— 

One machine with an average current 
of 125 ampéres, and E.M.F. of 51 volts, 

Two machines in quantity for one are- 
light with an average current of 172 am- 
péres, and E.M.F. of 60 volts. 

Two machines in series for one arc- 
light, with an average current of 180 am- 
péres, and E.M.F. of 60 volts. 

Three machines in quantity for one 
are light, with an average current of 180 
amperes, and E.M.F. of 60 volts. 

The three machines could not be 
coupled up in series, and the result of 
their being coupled in quantity is not so 
good as the two machines in series, which 
gave a current of 182 ampéres. The high 
resistance with the three machines was 
due to the fact that the leads were not 
suitable for the current from three ma- 
chines. It will be seen that the most ef- 





fective results’ were obtained with two 
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machines coupled in series feeding one 
arc-light. 


JI.—THE MECHANICAL MEANS BY WHICH THE 
ILLUMINANT, WHEN PRODUCED, IS SUSrAINED 
AND CONTROLLED. 


In the case of oil this important func- 
tion is performed by the burner. I shall 
notoccupy your time by giving an histor- 
ical account of the development of the oil- 
burner from ancient days, but a few ob- 
servations on the general principles upon 
which oil-burners for lighthouses are con- 
structed may perhaps be acceptable. 

It is tolerably well known that when 
oil is consumed in a lamp it is converted 
into vapor by heat, and that the oil vapor 
s0 produced is, by the application of 
flame, caused to combine chemically with 
the oxygen in the surrounding atmos- 
phere. In point of fact, an oil-burner is 
analogous to a miniature gas - works, 
where the gas is consumed as fast as it is 
manufactured. An ordinary mineral oil- 
burner is connected with a reservoir con- 
taining oil below it by means of a cotton 
wick, the lower end of which is in direct 
contact with the oil, the upper end just 
above the top of the burner. By capil- 
lary action the oil creeps upward until all 
the wick is saturated up to the point 
where the oil is to be converted into va- 
por, the application of flame only being 
required to complete vaporisation and set 
burning. The supply of oil must be prop- 
erly regulated. With heavy fatty oils, 
such as rape or sperm, the capillary ac- 
tion is not vigorous enough to bring up 
from a receptacle below a sufficient quan- 


tity to keep the light going, and in that| 


case the actual level of the oil immersing 
the wick must be closed to the burning 


point. With mineral oil the level may be | 
two or three inches below the burning | 


point, and its capillarity will be sufficiently 


active to conduct it tothe top. In the| 


ease of large lighthouse lamps, the main 
reservoir is kept at a considerable dis- 
tance below the burner, and mechanical 
means are employed to force the oil up 
to the required level, and to keep it con- 
stant for either a heavy ora light oil. To 
make combustion perfect, and to prevent 
smoke and soot, a plentiful and well- 
regulated supply of oxygen is essential. 
In the latter part of the last century, 
Argand demonstrated practically how 
such a supply could be secured for a 
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| single cirenlar-wicked lamp, and the prin- 

ciple then laid down has ever since been 
foilowed in the development of the con- 
struction of lamps for burning oil. In 
| this Argand burner you see a central 
| tube, to which air has access at the bot- 
tom; the wick surrounds this tube, and 
in burning gives a circular flame, fed by 
the air coming up the centre. The glass 
chimney on the outside regulates the ad- 
mission of air to the outside of the ring 
of flame, and thus perfect combustion is 
effected. A further development of the 
principle was made by Fresnel, who pro- 
| duced a burner consisting of four con- 
centric wicks, with an air space separat- 
ing each wick case, and the large glass 
chimney enclosing the flame completed 
the arrangement. Sir James Douglas in- 
creased the number of rings by two, pro- 
ducing the six-wick burner, which is now, 
and has for many years been used in 
many English lighthouses, and was the 
representative oil-burner emploved in the 
South Foreland experiments. It should, 
however, be mentioned that Sir James 
Douglass had proceeded still further, and 
had produced seven, eight, and nine wick 
burners, constructed on an improved 
principle, by which the flames are com- 
pressed at the focal plane, so that their 
diameter is not much greater than that 
of the six-wick burner, while the intensity 
of the light is considerably enhanced. 
These burners were not sufliciently per- 
fected when the experiments began, and 
the bulk of the comparisons were there- 
fore made with the six-wick burner. But 
they now are brought into good working 
order, and there is every reason to believe 
they will, before very long, be adopted 
| for lighthouse work, and their increased 
efficiency will add much to the effective- 
ness of the lighthouses where they are 
employed. 

In connection with this part of the sub- 
/ject it is necessary to bear in mind that 
| oil-burners require careful looking after, 
‘that glass cylinders are a necessity, and 
‘that wicks of unusual size and very su- 

perior quality have to be provided. 

For burning gas, the arrangements are 
certainly more simple. The gas is led by 
| pipes to the burner in the ordinary way, 
|a cock is turned on, and the gas lighted. 
|It then burns without requiring serious 

attention as long as the gas supply lasts; 
| it requires no glass cylinders nor wicks, 10 
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trimming, and little cleaning, all of which 
are points in favor of the gas system. 
The gas-burners used in lighthouses, and 
as exhibited at the South Foreland, are 
those of Mr. Wigham’s patent. 


‘them, but as they proved to be unsuit- 


In its| 


complete form the burner consists of five | 


rings of gas jets, the innermost ring hav- 
ing 28, the next 48, the next 68, the next 
88, and the outermost 108 jets, the dia- 
meter of each ring Seing respectively 4, 
64, 83, 94, and 11} inches. With the 
gas burning, this congregation of jets 
packed in the space of a 1 circle 11} inches 

in diameter gives a flame of considerable 
intensity, to which the air has perfectly 
free access, there beivg no glass chimney 
surrounding it, as in the case of an oil 
light. This huge flame is controlled ina 
great measure by the draught of the flue, 
the lower part of which is of tale, 
and, with the latest improvements, as 
developed during the trials at South 
Foreland, terminating in a sharp frustum 
of an inverted cone, and into the lower 
opening of which the tongues of flame 
rush in, leaving naked the thickest and 
most intense portion. This tends to pre- 
serve the flame in a uniform shape, which 
object is also materially assisted by a fur- 
ther improvement, introduced during the 
trials, of a tale collar fixed upon a collar 
of perforated zinc, encircling the lower 
part of the burner. Air passes through 
the perforations on to the outer surfaces 
of the flame, and, besides assisting to 
coutrol the shape of the flame, renders 
combustion of the gas more vigorous. 
‘The reason for employing talc is because 
it is transparent, and allows a good deal 
of light to pass through, and strengthen 


the general illuminating effect, which | 


would be lost if the cases and collars 
were made of an opaque material. From 
the blaze of 108 jets, the flame can 
readily be reduced to that of either 88, 
68, 48, or 28 jets. The facility with which 


hibited. 


this can be accomplished is unquestion- | 


ably one of the merits of this Wigham 
gas-burner, the mercury joint for each 
segment being a specially ingenuous ar- 
rangement. 


for trial at South Foreland, one the through the centre. 


able for lighthouse purposes, I need not 
dwell upon them. 

Sir James Douglass’ 6 and 10 ring 
gas burners, constructed on principles 
similar to those of his improved oil 
burners before described, gave results so 
satisfactory in the trials, that they must 
not be passed by. Instead of from jets, 
as used by Mr. Wigham, the gas issues 
from surface holes in concentric rings, 
and each ring forms a complete cylinder 
of flame, fed on both sides by the air as- 
cending the spaces separating the rings. 
As in the oil burners, the rings of flame 
are compressed to the smallest diameter 
possible at the focal plane. No tale cone 
or-collar is required for Sir James Dong- 
lass’ burner, but a glass cylinder is nec- 
essary to preserve the shape of the 
flame, by regulating the air supply to 
the external surface of the outermost 
ring of the flame. 

We now come to the arrangements for 
the electric light. Assuming the requi- 
site current to be brought with uniform 
steadiness to the lighthouse lantern, by 
suitable conducting wires or leads, the 
regulation and control of the are light 
produced between two carbon terminals 
are mainly dependent upon the action of 
the lamp or regulator, the delicate and 
ingenious mechanism of which keeps the 
carbon points as nearly as possible the 
same distance apart. The carbons origi- 
nally used were supplied by Baron de 
Meritens, and were square in section, 
made up of a number of smaller square 
carbons, the entire bundle being 40 m.m. 
square. The heat caused the metallic 
bands by which the carbons were bound 
together to melt, and the consequence 
was that the small carbons frequently 
fell out while the light was being ex- 
Other carbons, circular in sec- 
tion, and solid throughout, 30 and 40 
m.m. in diameter, were also tried; but 
those which gave the best results in the 
trials, and were used most frequently, 


were the Berlin core carbons, supplied 
| by Messrs. Siemens, 40 m.m. in diameter, 
Two well-known gas-burners were sent/and with a core of graphite running 


With altern: ting 


patent 6-ring burner of Mr. Sugg, the | currents the electric arc can generally be 
other a large size Siemens’ regenerative | ‘maintained with a fair amount of steadi- 


burner. 


So far as the working of these|/ness with carbons that are tolerably 


burners under ordinary conditions is | homogeneous in their composition, but 
cou erned, there is no fault to find with! there is always a liability to momentary 
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fluctuations, caused perhaps by the cur- | up three mineral oil burners one above 
sent seeking to make its exit by the di-|the other, in the oil lantern, at South 
rection of least resistance, and thus} loreland, each lamp being fed from one 
selecting the weakest parts of the carbon. | reservoir placed below the floor of the 
The incandescence is thus liable to be|lantern, and the oil being, by suitable 
transferred from side to side, and this| pressure and regu'ation, forced up the 








gives rise to the appearance of moment- 
ary fluctuations. This, however has not | 
been found to be a very serious drawback | 
on the whole; indeed, in one sense, it | 
may be advantageous, as conferring a 
marked individuality upon the electric 
light, enabling it to be more easily recog. 
nized. The Berlin carvons, with their 
graphite core, were found to burn with 
exceptional steadiness. possibly because 
the centre core affords the current an | 
easier and consequently more regular 
course. 

It may be mentioned that some 50) 
m.m. carbons were burnt in the engine- 
room close to the generators, with the 
full current of two machines in quantity 
without loss; the result being a current 
of 400 ampéres with a low E. M. F. of 
45 volts only. 

Before proceeding to the consideration 
of the third division of the subject, it is | 
desirable to make reference to what is 
known as the superposing system of 
lights. This was first introduced by Mr. 
Wigham, in connection with his gas sys- | 
tem, by placing in a lighthouse lantern 
two, three or four burners vertically over 
each other, with a distance of three or 
four feet between them. By this means 
a column of light of great power is ob- | 
tained, which it was supposed would) 
rival the strongest electric light, and | 
thoroughly eclipse oil. Without refer- 
ence to any patent right in connection | 
with this matter, which is not only be- | 
side the question of tle relative merits | 
of the illuminants, but has, I believe, | 
been completely disposed of since the| 
point was brought forward, the question | 
naturally arose—can this method of pil-| 
ing up lights be applied equally well to} 
electricity and oil? No doubt at all ex-| 
isted as to electricity, but as regards| 


/respective burners by pipes, and main- 


tained at the necessary constant level. It 
is important to note that only three oil 
burners were superposed, while four gas 


burners were superposed in an equal 


vertical spxce. This will show that the 


|oil burners were separated by greater 


distances than the gas lights were. The 


iron chimneys which carry off products 


of combustion and regulate draught in 
the case of the oil lights were cased with 
asbestos cloth and silicated cotton wool, 


}to check radiation of heat from the iron 


surfaces; thus the heat was kept down 
very successfully in this lantern, and 
from the experience gained at South 
Foreland there is no doubt that four oil 
lights could have been as safely main- 
tained as three. The electric lights were 
also arranged to be superposed, but with 


three lights only, as with the oil lanterns, 


The terms used for describing the differ- 


‘ent order of superposition, are biform, 


triform, and quadriform, representing 


the superposition of two, three and four 


lights respectively. It is not necessary 


|to enter int» further details concerning 


this method, but future references to 
biform, triform and quadriform will now 


‘be intelligible to those who have not 
| been familiar with the subject. 


III.—tTHe APPLIANCES FOR UTILISING THB 
ISSUING RAYS IN THE MANNER MOST SEB- 
VICEABLE TO THE MARINER. 


I must again ask the indulgence of the 
audience in dealing with this part of my 
paper. Of necessity I must trouble you 
with some further elementary details, in 
order to make the whole matter clear. 

With any of the illuminants of which 
I have spoken, burning under the most 
favorable conditions, and radiating light 
in all directions, it is clear that some 


mineral oil, it was feared that its ten-| provision must be made for using the is- 
dency to give off inflammable vapor at | suing rays to the greatest advantage for 
high temperatures would prevent the|the purpose required. ‘The light is 
placing of such lights at short distances| wanted by the sailor to shine upon the 
above one another, as the oil might be-|sea; but many rays, if they followed 
come dangerously heated. Sir James) their ordinary course, would go up into 
Douglass, however, ‘effectually disposed | the sky; many others wou!d fall on the 
of any doubt on the subject by putting! floor of the lantern. In the case of a 
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lighthouse on shore, many rays would, 
under ordinary circumstances, go land 
ward. In none of tliese directions is light 
wanted to be sent for the sailor’s benefit. 
It has, therefore, been necessary to de- 
vise a method of utilizing such diverging 
rays. At first this was accomplished by 
metallic reflectors, and a considerable 
amount of success was and is still at- 
tained by this method. I need not enter 
into details respecting the principles of 
reflection ; the subject is too well known. 
But in 1821, the celebrated Augustin 
Fresnel perfected an arrangement of 
glass lenses which, with a single large 
burner, accomplished the object in view 
much more effectively and conveniently 
than with a number of small burners 
with reflectors. Fresnel, in conjunction 
with Arago, had invented an oil burner 
with four concentric wicks, the diameter 
of the flame being 32 inches. This, 
however, he placed in the center of a 
system of lenses and prisms built up at 
the proper focal distance around it, so 
that nearly all the light rays emitted 
were received upon some part or other 
of the inner surface of the lenticular 
structure, the lenses and prisms being so 
adjusted that, by the well understood 
action of refraction, the rays were caused 
to issue from the other side of the glass 
in a consolidated beam, illuminating only 
the sea area between tle distant horizon 
and the near shore. 

For a fixed light required to show 
continuously with equal effect over a 
given arc or circle, vertical condensation 
only is requisite, the rays being allowed 
to diverge horizontally without restric- 
tion. For this purpose a central refract- 
ing belt is employed, with rows of tot- 
ally reflecting prisms above and below 
running parallel to it. The proper ad- 
justment of this apparatus causes a 
beam to issue which illuminates the sea 


area within the horizon in a constant. 
‘ring gas burner against biform 108 jets. 


manner. 
For a revolving or flashing light it is 
necessary to cut up this all round con- 
tinuous beam into segments. As before, 
the rays must be condensed vertically, 
but in addition they must be condensed 
horizontally in bundles, leaving dark | 


has an annular lens with concentric re 
fractors. All the rays falling upon the 
inner surface of this lens are refracted, 
and issue as a condensed and indepen- 
dent beam for each panel. The upper 
and lower prisms in each panel are 
curved so as to coincide with the concen- 
tricity of the central lens. The rays 
being squeezed or condensed into bundles, 
dark spaces are left between them. On 
the whole glass apparatus being made to 
revolve, beams of light striking the sea 
area within the horizon, followed by in- 
tervals of darkness, succeed each other 
with regularity. 

The flame of Fresnel’s 4-wick burner 
is the basis of our present dioptric sys- 
tem. Six orders of lights were insti- 
tuted in Fresnel’s time, the first order 
being specially adapted to the dimensions 
of the 4-wick flame, so that the lenticular 
instrument should receive all the rays 
emitted from such a flame. For second 
order lights, the dimensions of the flame 
of a 3-wick lamp determined the radius, 
focal distance, &c., of the lenses em- 
ployed, and soon. But since that time 
the 6-wick burner has come into use, 7,8 
and 9-wick burners are on the threshold, 
and nearly all Mr. Wigham’s gas burn- 
ers, as well as those of Sir James Doug- 
lass, have larger flames than Fresnel’s 4- 
wick oil burner. Again, the electric 
light, with a smaller luminous centre 
than Fresnel ever contemplated for a 
lighthouse illuminant, has come into ac- 
tion, so that in point of fact, the crders of 
apparatus as established by Fresnel, are 
not adapted to the large and small 
flames used at the present day. This 
anomaly is in a fair way of being set 
right, for Messrs. Stevenson, the eminent 
lighthouse engineers of Edinburgh, have 
recently designed a lens of lurger radius 
adapted to an illuminant of increased 
diameter, and have obtained some strik- 
ing results with a single Douglass 10- 


It remains for me now to explain to 
you what were the lenticular arrange- 
ments employed to give the best results 
for each lighting system tested at South 
Foreland. It will be understood from 
what I previously said, that besides the 


spaces between. In this case the appar-|single light of each system, provision 
atus is polygonal, and a condensed beam | was made for showing the electric light 
issues from each side or panel. Instead /in biform and triform 1 arrangement; that 


of a lenticular belt all round, each panel! 


gas could be exhibited in biform, triform, 
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or guadriform; and that oil was pro- 
vided to show biform and triform only. 
Consequently, for the electric and oil 
lights three sets of lenses were required 
to be mounted in each lantern, and for 
the gas light four sets were necessary. 
By the term sets of lenses, I mean one 
lens arrangement for exemplifying a fixed 
light, the other for showing the con- 
densed beam of a revolving light. Lenses 
being very costly articles, it was neces- 
sary to have certain regard to economy, 
consistent with an effective illustration of 
the value of lenses in connection with the 
lights to be exhibited. Therefore, one 
panel only of a fixed belt, and one annn- 
Jar lens of a revolving apparatus, without 
upper and lower prisms in any case, were 
provided for each light of each system, 
the quality of the light issuing from a 
portion of the apparatus being exactly 
the same as though the entire apparatus 
‘were employed, the only essential point 
being, that in judging the value of the 
light, the observer should take care that 
he is in the path of the beam. 


The three towers which were erected 
at South Foreland for the exemplification 
of the three systems, were 180 fect apart, 
and marked respectively A,B, andC. A 
was appropriated for the electric light; 
B for the gas system as developed by 
Mr. Wigham; and C for the oil system 
and the Douglass gas burners. 


In lantern A there were three electric 
lamps on three stages, and for each lamp 
was provided a panel of a fixed apparatus 
of the second order, consisting of a seg- 
ment of the central belt with seven small- 
er segments above it and seven below it. 
The chief reason for using the second 
order apparatus appears to be that, as 
Sir J. Douglass practically observes, it 
affords just enough space for a fairly 
fat light-keeper to get inside and manipu- 
late the lamps. A third, or even further 
order apparatus, would have been sufli- 
cient, although the luminous area has 
considerably increased, since the early 
days of the electric light, where carbons 
of small sections were used. For exem- 
plifying the revolving beam, an exactly 
similar panel was used for each light to 
condense the rays vertically, and in addi- 
tion four vertical refracting prisms were 
fixed on the outside of this panel, and 
caused to issue a condensed beam of 
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great power. It may here be mentioned 
that, as the divergence of this beam 
horizontally was very small (30° con- 
densed to 5°), it was necessary to take 
precautions to insure observers being in 
its path. In the superposed arrangement 
the distance separating the three lights 
was 7 feet, and the space between the 
lenses 4 feet. 

In lantern B the four lights had each 
panels for exemplifying a fixed and re- 
volving light. For the former, each light 
was furnished with a segment of the len- 
ticular belt of a first order apparatus 
without upper and lower prisms. Tor 
the revolving light, four first order len- 
ses of annular construction were sup- 
plied, each subtending a horizontal angle 
of 60°. The beautiful lenses of French 
manufacture were very considerately lent 
for use in the experiments by the Com- 
missioners of Irish lighthouses. They 
were intended for and are now fixed up 
at the lighthouse on Mew Island, coast 
of Ireland. It should be observed that 
the four gaslights themselves, being 
much closer to each other than the three 
electric lights, the lenses were brought 
much nearer to each other, and insvead of 
the wide spaces of four feet as between 
the electric lenses, the fixed gaslight 
lenses were not separated by more than 
half a foot, and the revolving lenses 
were practically joined together, forming 
& continuous mass of glass nearly 17 feet 
high. 

In lantern C three segments of a len- 
ticular belt, similar in all respects to those 
in the gas lantern, were mounted for the 
fixed light, but owing to the great dis- 
tance apart of the oil burners, the lenses 
were separated by distances of three feet, 
which naturally told against the pillar of 
oil light in comparison with that of four 
compactly fitted gas burners, shining 
through four lenses practically not sep- 
arated. In the revolving light an endeav- 
or was made to compensate for this de- 
fect by the use of lenses of larger verti- 
cal section, such as are employed at the 
Eddystone. With these larger lenses, 
made by Chance Bros., of Birmingham, 
the outer rings were of flint glass, which 
has a higher refractory index. The hori- 
zontal dimension and the focal distance 
of these lenses were the same as those in 
the gas tower. The height only was dif- 


ferent, it being apparently sought to 
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make up by lens-power or lens-area, for 
the want of a fourth light. 

This completes the three divisions I 
ventured to make at the commencement | 
of my paper, and it will be evident to all 
that very careful and elaborate arrange- | 
ments with the aid of burners and lenses | 
have been made in each case to get the} 
most out of each illuminant, and to ex- 
emplify each lighting system effectively 
at Sonth Foreland. But the value of a) 
lighthouse illuminant is not reckoned 
solely by the brightness with which it 
shines through the darkness of night. 
For clear weather the lights of ordinary 
power were and are sufficient for the use 
of the mariner, provided a sufficient in- 
dividuality be given to each by which it 
can be readily recognised. The whole | 
purpose of developing these larger and | 
more powerful lights is to overcome the 
resistance offered to the passage of light | 
rays through the atmosphere, by the ob- | 
structing medium of watery vapor in its | 
various gradations from thin haze to| 
thick fog. The times have long gone by | 
when merchant ships would anchor if| 
even a small fog appeared; now-a-days | 
maritime traffic round our coasts stops 
for nothing. Sound fog signals have be- 
come a necessity of the times, to be 
sounded so soon as the effectiveness of 
lights is seriously impaired by a thick- 
ened atmosphere. But it is very desir- 
able that the lights should hold out as 
long as possible; that though the effect 
of a haze might be to lessen the range of 
a light, yet that its rays should penetrate 
sufficiently through the haze to be of 
some practical service to the mariner, to 
be seen by him in time to prevent his 
running into danger, or to guide him on 
his way. If any one illuminant is proved 
to be able to cope more successfully than 
the others with this obstructing medium, 
that light can certainly claim to be supe 
rior for lighthouse purposes in thick 
weather. ‘lhis, then, is the great prob- 
lem which is to be solved; which of the 
three systems, oil, gas, or electricity, 
when exhibited under the most favorable 
conditions, has the greatest penetrative 
power in thick weather? And in connec- 
tion with the solution of this problem it 
will be found that considerations of 
economy and convenience cannot be dis- 
sociated from the question. 

It will, doubtless, be evident that the 








question of the relative merits of light- 
house illuminants is considerably more 
complicated than the general public think 
itis. We have seen what is the nature 
of the competitive illuminants, and how 
they are dependent on burners and lenses 
to make them serviceable for lighthouse 
purposes; also how they were exempli- 
fied in A B and C towers at South Fore- 
land. We are, therefore, better prepared 
to enter upon the direct consideration of 
the actual trials. 

A few words may here be interpolated 
regarding the personal arrangements for 
carrying out the experiments. 

Upon the dissolution of the Illumin- 
ants Committee, for reasons which need 
not be discussed here, this tangled ques- 
tion was by the Board of Trade referred 
to the Corporation of Trinity-house, who 
accepted the responsibility of carrying 
out the investigation, seeing that a great 
deal of public interest had been drawn to# 
the question. A Committee was formed 
of members of the Corporation, consist- 
ing of Captain Sydney Webb, the deputy- 
master, as chairman; Captain Nisbet, 
Captain Weller, Captain E. A. Vyvyan, 
Captain Burne, Admiral Sir Leopold Me- 
Clintock, and Mr. John Inglis, secretary 
to the corporation ; to this committee I 
had the honor of being appointed secre- 
tary. The first thing done was to obtain 
the friendly co-operation of the Scotch 
and [rish Lighthouse Boards, and it is 
only proper to state that such co-opera- 
tion was most cordially extended by both 
Boards andtheir officers to the Trinity- 
house Committee. The Committee had 
the great advantage of frequent personal 
communication with Mr. Thomas Steven- 
son, the eminent engineer to the Scotch 
Lighthouse Commissioners, and with Sir 
Robert Ball, the Astronomer-Royal of 
Ireland, and Scientific Adviser to the 
Commissioners of Irish Lights. They 
also invited, and were fortunate enough 
to secure, the aid of Professor W. Grylls 
Adams, F.RS., of King’s College, Lon- 
don, and Mr Harold. Dixon, of Balliol 
College, Oxford, the former for advice 
and assistance in respect of the electric 
lighting apparatus, the latter for aid in 
carrying out the necessary photometric 
observations on the various lights to be 
exhibited. In addition they had the great 
advantage of frequent consultations with 
Mr. Vernon Harcourt, F.R.S., of Trinity 
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College, Oxford, who watched the trials 
on behalf of the Board of Trade, and 
whose knowledge of photometric work is 
probably unequalled in this country ; 
further, the invaluable practical experi- 
ence and profound knowledge of light- 
house experiments of Sir James Doug- 
lass were at all times available, and the 
suggestions and opinions of representa- 
tives of foreign lighthouse authorities 
were cordially given and received. 

It was in full view of all the world, and 
specially all who were in any way inter- 
ested in the subject, that the experiments 
were commenced and carried through; 
the whole arrangements were open to 
the fullest and freest public inspection. 
It is essential to make it quite clear that 
the Trinity house Committee courted in- 
quiry, suggestion, and inspection. They 
only desired to arrive at a just decision ; 
and I, as secretary to that Committee, 
and with all respect to those who may 
have been inclined to think otherwise, 
venture to challenge anyone to prove the 
contrary 

The South Foreland station was select- 
ed for the trials because of the existing 
facilities for observations on land and at 
sea, and because there was a sufficient 
reserve of steam power, over and above 
that required for the machines feeding 
the permanent lights, to operate the ad- 
ditional electric machines. The land in 
the neighborhood of South Foreland is 
undulating, but has no hedges and few 
trees, and therefore affords facilities for 
observing the lights at distances of be- 
tween two and three miles. 

It may be assumed that the three 
lighting systems were adequately repre. 
sented by the apparatus set up at South 
Foreland; the arrangements for exem- 
pllying the electric and oil systems in A 
and C towers, were made under the im- 
mediate direction of the Trinity-house 
Committee and their engineer, Sir James 
Douglass. The exemplification of the gas 
system was left in the hands of Mr. Wig- 
ham to arrange, as he thought best, for 
the exhibition of his quadriform light. 
It is true that the Committee demurred 
to making trial of what Mr. Wigham 
called his double quadriform, i.e, two 
sets of four lights placed side by side in 
the lantern, which he urged upon them, 
they not having any practical experience 


of the effect of burning eight large gas | 





flames in a lighthouse lantern for several 
hours, nor could they learn that the Com- 
missioners of Irish Lights had had any 
such experience. With this limitation 
only, Mr. Wigham had perfect liberty to 
show the best light he could produce 
with four large burners p'aced vertically 
his foreman, Mr. Higginbotham, might 
use as much or as little gas as he thought 
proper; he might regulate his draught 
us he liked; he had the gas manufacture 
under his own supervision, and made as 
much, or as little as, and of what quality, 
he pleased ; the cannel coal was specially 
selected by Mr. Wigham, and no restric- 
tion of any kind was placed upon his 
foreman as to the mode of keeping up his 
light. He was simply required by the 
Committee to show a certain light at a 
certain time, in order that it might be 
compared with another light, and it was 
entirely his own business how he pro- 
duced that light. He was not controled 
in any way whatever, and I can testify 
that it was through no default on the 
part of Mr. Higginbotham that the gas 
light did not outshine the most powerful 
electric beam. Mr. Higginbotham’s me- 
chanical ingenuity always being applied 
to improve the gas-light, and his devoted 
loyalty to the interests of his employers, 
were noticeable points in connection with 
the gas-light exhibition. A Trinity-house 
lightkeeper was on duty in this lantern, 
but he had no power to interfere with 
Mr. Higginbotham’s management of the 
light. It should-also be mentioned thas 
the electric and oil towers were manned 
by Trinity-house keepers, over whom, as 
well as over the whole experimental es- 
tablishment, Mr. J. Sparling, the very in- 
telligent engineer in charge of the South 
Fore'and permanent station, exercised a 
general supervision, subject to the mem- 
bers of the Committee, who it was ar- 
ranged should be constantly on the spot. 


OBSERVATIONS. 


Assuming all the necessary arrange- 
ments to have been made for exhibiting 
the various lights at the South Foreland, 
the next matter for consideration is how 
they were observed. It was resolved that 
two kinds of evidence should be obtained 
in reference to the relative merits of the 
illuminants, as shown, the one of a prac- 
tical nature from competent eye witnesses 
at various distances, the other of a more 
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scientific or expert character. With re- 
gard to the former, it may be stated that 
from the lightsmen on board the Gull, 
the Goodwin, and the Varne light-ships ; 
the piluts and masters of vessels navigat- 
ing in the vicinity; the Elder Brethren 
of Trinity-house and their officers; the 
coastguardsmen between the South and 
North Forelands; valuable data were ob- 
tained respecting the relative merits of 
the lights in different kinds of weather, 
and at various distances, from one to 
twenty-four miles. In addition to the 
observations so made at sea and on land, 
special watchmen were detailed to observe 
the lights nightly at shorter distances, 
along a line marked off by posts 100 feet 
apart, and running across the country for 
a total distance of two and a-half miles, 
all the competing lights being fully visi- 
ble in clear weather along the whole 
length of this line. ‘Three huts were set 
up along this line—No. 1 at a distance 
of 2,144 feet, or nearly half a mile from 
the lights; No. 2, 6,200 feet, or nearly 
one and a quarter mile, and No. 3 at the 
extreme point, two and half miles. The 
night walks along the lines, the blinding 
effect of the lights, and the welcome 
shelter in the huts, will, doubtless, bgre- 
membered with interest by many of the 
visitors who joined the observing parties. 
This short range was very serviceable on 
nights when haze or fog prevailed, it 
being possible to measure with a very 
fair approximation to accuracy the dis- 
tance at which each light was observed. 
The observations made were recorded in 
books specially prepared for the purpose, 
on a uniform system ; thus all the returns 
were made in the same way. The in- 
structions were as follows: 


INSTRUCTIONS TO OBSERVERS. 


The lights to be observed will be shown 
from three towers in a line bearing N. W. 
from the permanent high lighthouse, and 
will be identified by means of the letters 
A, 1, and C respectively. 

When possible, observations of the 
three lights should be made at each hour 
from 8 p.m. to midnight. 

In recording an observation, put down 
in the A column the light from the A 
tower as 100, and in the corresponding 
B or C column put down the number as 
compared with 100, which represents the 
difference in power. Thus, if B appears 
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to be twice as good as A, and C appears 
to be only half as good as A, the record 
should be A 100, B 200,C 50. In the 
columns headed * Place of Observation,” 
it is requested that the position and dis- 
tance from South Foreland may be stated 
as accurately as possible at every obser- 
vation recorded. 

The state of the atmosphere each night 
is to be carefully noted, and recorded in 
the column provided for the purpose, in 
one or more of the following terms: 
Clear; cloudy; very dark; moonlight; 
hazy; slight fog ; ordinary fog; drizzl- 
ing rain; ordinary rain; heavy rain; 
snow; hail; sleet. Each night’s record 
to be signed by the observer, the place 
of observation being in every case clearly 
indicated. 

Remarks of a special nature concern- 
ing the appearance of the lights are to be 
made on the fly-leaf provided for the pur- 
pose. Under this heading observers 
should record any apparent difference in 
the color; any apparent unsteadiness, 
variations, or obscurations of the lights ; 
also the effect of the lights upon the 
clouds: and, where a fair comparison is 
possible, of the relative value of other 
lights in the vicinity, those on the French 
coast, for example. 

The other kind of evidence sought to be 
obtained was that of the scientific meas- 
urement of lights by the most approved 
photometrical methods. These opera- 
tions were carried on at the three huts 
before mentioned, and in a dark gullery 
380 feet long, specially constructed for 
the measurement of large and powerful 
lights. This portion of the investigation 
was mainly in the hands of Mr. Harold 
Dixon, who had the advantage of fre- 
quent communication with Mr. Vernon 
Harcourt on the subject, and able assist- 
ance in carrying out his work from Sir 
James Douglass, Messrs. Lyle and Long- 
ford (who at Dr. Ball’s suggestion were 
sent to South Foreland as the represen- 
tatives of the Irish Lighthouse Board), 
and Mr. Sparling. All the various lights 
exhibited were subjected to measurement, 
both as naked flames and as shown 
through lenses, the value of each being 
expressed in numbers of candles. For 
these measurements the Harcourt pen- 
tane standard flame, adjusted to corres- 
pond with accuracy to the average flame 
of a number of sperm candles, was chiefly 
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emp'oyed ; ay omnes a portion of | and the burner, and between the disc and 
the flame ofa mineral oil Doug'ass burner, | the standard light. 

enclosed in a square iron-si ided lantern,! A modification of this method was oc- 
was used. A small opening in one side|casionally employed in the g: allery, and 
of this lantern was fitte] with a Methven | alw: ays at No. 1 hut, dist: ant 2 2,150 feet 
screen, so adjustable that the rays pass-|from the lights. The light of the stan- 
ing through the opening would represent | dard flame, and that of the illuminant 
4, + 4 ‘4, or other convenient candle-| under test, were thrown upon the same 
power, as might be desired, in accordance | side of a dise of translucent paper fixed 
with the sing wie flume of the pentane stan- | in the centre of an opaque screen, while, 
dard. Ap table e pentane lamp was gen-|by means of an umbrant or shadow- 
erally used in the huts, but on windy | thrower, contiguous portions of the disc 
nights the Douglass flame was found to | were illuminated by the standard and the 


be very servi eable, being less sensitive | 
than the unprotected pentane flume. In| 
the photometric gallery, a standard pen- | 
tane flame in connection with a complete | 
apparatus for making the gas on a suffi-| 
ciently largese.le was avail: lable. Without | 


going into detail respecting the manufac- | C 


ture of the gus and the special merits of 

the pentane standard of light, I may here | 

record the fact that with its aid a great 

deal of valuable and trustworthy work | 
was done. 

Although I do not propose to enter | 
upon a ‘detailed consideration of the | 
photometric methods employed by Mr. 
Harold Dixon and Mr. Vernon Harcourt, 
the subject being one which could not be 
adequately discussed in the space of time 
at my disposal, yet some remarks of a 
general character may be made upon the 
subject. 

Let me first say, for the benefit of those 
to whom photometry is a dark study, 
that the standard light is that in com- 
parison with which the light under test 
is to be measured. The value of this 
standard light is expressed in candle- 
power. 

At South Foreland the naked lights 
were, measured in the photometric “gaul- 
lery, Sind the lights through lenses at No. 
1 or No. 2 hut. ‘The principle mostly 
adopted with the former was to cause the 
light of the standard flame to fall on one 
side, and that of the light under meas- 
urement upon the other side of a movable 
screen with a translucent star disc in the 
centre. By moving the screen to and fro 
along the graduated bar, a position could 
be found where the stars would show 
with equal distinctness on both sides of 
the screen. In such circumstances, the 
illuminating power of the burner under 
measurement would be directly as the 
squares of the distances between the disc 


| | distant light. By moving the table nearer 
to or distant from the “standard, & posi- 
tion was found where the illumin vtion in 
the three divisions of the disc appeared 
to be equal. By this method direct mea- 
surements of all the lights in A, B, and 
towers could be made at No. 1 hut. 

| At hut 2 the bar photometer with the 
movable star disc was used, but owing to 
‘the great distance from A, B, and © 
lights, 6,209 feet, it was found necessary 
ito condense the light from the distant 
towers by a small achromatic lens inter- 
posed in the path of the beam entering 
| through a circular opening in the window 
screen. In thus condensing the light, a 
certain loss by absorption and reflection 
was experienced, but in all measurements 
the requisite correction on this account 
was applied. 

In this connection it was feared that 
the difference of color between the light 
of the electric are and that of the stan- 
dard flame would be a serious difficulty, 
and would prevent an effectual compari- 
son being made as to relative illuminat- 
ing power of the different colored lights. 
But Mr. Dixon says “ that with the use 
of the star disc no such difficulty was 
felt. Equality of distinctness in the pat- 
tern of the star on both sides of the dise 
could be judged without difficulty, al- 
though bth star and back ground ap- 
pearel of complementary tints on the 
two sides. Since the object of the inves- 
tigation was to determine for each illu- 
minant the total quantity of light which 
affectel the eye and conferred visibility 
upon the lamp, independently of its color, 
the distinctness of a pattern, illuminated 
by lights of different color, seemed to af- 
ford « criterion of their true illuminating 
power less open to error than any method 
of striking an average between the illu- 
minating power of separate groups of 
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colored rays filtered from each beam by 
the interposition of colored media. It 
yas also found that different observers 
made concordant measurements of the 
electric light with the star disc.” 

The lights were exhibited, watched by 
many observers, and measured by the in- 
defatigable photometrists over a period 
of twelve months. During that period 
a large amount of valuable evidence was 
collected, by the aid of which the com 
mittee were subsequently enabled to state 
their conclusions with definiteness. 


RESULTS, 

At a comparatively early stage of the 
trials it was found that no practical ad- 
vantage was gained by superposing elec 
tric lights, but that, for the reasons pre- 
viously stated, a sufficiently effective re- 
sult was obtained from one are fed by 
two electric machines. This form of light 
was accepted by the Committee as that 
best suited for the exposition of the elec 
tric system, and that upon which it should 


be indged in respect of its merits as aj 


ligi th puse illuminant. 
lor gas, the columnar light of the 
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would be so considerable as to endanger 
the safety of the lenses, and render the 
lantern uninhabitable. Mr. Higginbot- 
ham, Mr. Wigham’s foreman, bore the 
heat in the gas lantern at South Foreland 
like a genuine salamander; but there are 
some lighthouse keepers who would be 
likely to frizzle and grill under such con- 
ditions. I may mention that the temp- 
eratures in the lantern, when the four 
burners were alight, ranged from 180° 
F, in the lowest tier, to 370 F. in the 
highest. It was this great beat, taken in 
conjunction with the cracking of some of 
the lenses, which influenced the Commit- 
tee in declining to try Mr. Wigham’s 
double quadriform light, in which eight 
instead of four burners were to be burned 
in the lantern. If four burners made the 
temperature 370°, what would eight bar- 
ners have done ? 

A great number of experiments were 


| of course made with the lower powers of 
| the respective illuminants, and informa- 


} 


quadriform arrangement, with a burner 


of 108 jets for each tier, was the highest 
power available, and was regarded as the 
best representative of the gas system. 

For oil, the Committee had resolved to 
rely upon the performance of the 6- 
wick burners, wliich had been in use in 
the Trinity-house service for many years ; 
and three of these, mounted in triform 
arrangement, as has been described, were 
adopted by the Committee as represent- 
ing the best effect which could then be 
produced with the oil system. 

It will be plain that for the large flame 
lights there was ample recognition of the 
value of the system of superposing, a 
recognition, doubtless, very gratifying to 
Mr. Wigham, who successfully developed 
the system with his gas apparatus, al- 
though others may have tentatively pre 
celled him in the same direction. It was 
certainly proved by the trials that the 
system possesses some real advantages. 
But it is very essential that provisions be 
made to check the radiation of heat from 
the flue pipes. With the superposed oil 
burners effectual measures were adopted, 
but not in the case of gas, consequently 
with the four great gas lights burning in a 
lighthouse lantern, the heat generated 


| 





tion gained which will be of very great 
value in the lighthouse service; but in 
stating the results of the trials, it will bo 
sufficient to regard each light as shown 
at its highest power, viz.: Electric, one 
light, two machines; gas, four lights, 108 
jets; oil, three lights, six wicks. 

Clear Weather.—In fine weather it was 
evident that all the lights were too good, 
and that for merely sending an effective 
beam of light to the horizon on a durk 
clear night, no one was really better than 
another, although it may be said that the 
experimental electric light was regarded 
as @ nuisance rather than otherwise by 
mariners in the near neighborhood of the 
South Foreland. It is quite certain that 
for clear weather the lower powers of any 
one of the illuminants would be suffi- 
ciently serviceable for the require@ents 
of the mariner, either as a fixed or a re- 
volving light. This is proved by the re- 
ports made by distant observers, who, on 
a clear night, would record that the single 
lights were not less effective than the tri- 
form or quadriform arrangement. In this 
connection, 7.¢.,as regards clear weather, 
the only points really noticeable are in 
respect of the adaptability of the lights 
for occultations, one of the distinctive 
characteristics used for lighthouse lights, 
and for marking special dangers by means 
of colored sectors. As regards occulta- 
tions, it is clear that, although with the 


| 
or 
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electric light a simplearrangement might 
be devised of breaking contact and re-| 


newing it at certain periodic intervals, it 
would not be accomplished without some 
risk to the steadiness of the light. and, 
moreover, would not be worth while, be- 
cause the generation of electricity would 
still be going on, and nothing would be 
saved. In the case of oil, it is not very 


easy to turn the light up and down to} 
It it, 


produce the effect of occultation. 
were, some saving in oil consumption 
might perhaps be gained, but it would be 
very small. To produce occultation with 
electric and oil lights it is therefore ne- 
cessary to employ a simple mechanism, by 
which a cylindrical sereen falls and 
eclipses the light for the requisite period, 
and is then drawnup. But with gas, the 
turning off and on of the supply is suffi- 


cient to produce occultation in an econo- | 


mical and effective manner. This is cer- 
tainly a point to the credit of the gas sys- 
tem, but its effective application is limited 
to fixed lights, for it is questionable 
whether this kind of occultation can be 
applied with success to flashing or revolv- 
ing lights. 

For colored sectors it is necessary that 
the limiting radii should be as sharply 
defined as possible, that mariners may 
know immediately they go over the bor- 
der line. With large flame lights, the 
border lines are not clcarly defined, but 
instead are found areas of uncertain light 
of varying width. With the electric light 
this width is only a few feet at a distance 
of 1} mile; with the gas light at full 
power it is over 140 feet at the same dis- 
tance; and with the oil light at full power 
it appears to be between 50 and 60 feet. 
The changing of the points of incandes 
cence in the carbons causes the electric 
light line to move within a range of 15 


feet, but the line of definition is always | 


sharp. The width of the uncertain light 
increases in proportion to the distance, 


and it is consequently of importance to’ 
obtain the sharpest possible definition of | 


the sector. Electric, for this is certainly 
the best, the oil system, with 6-wick 


HHuze and Fog.—We now come to the 
question of haze and fog. 

The gradations of atmospheric trans- 
parency are numerous, and it is between 
such extremes that the mariner finds 


‘light. 
burners, being a good deal better than | 
the gas system with great 108-jet burners. | 


5038 


powerful lights specially useful. It i8 
when the atmospheric transparency is 
impaired more or less that these strong 
lights are required. It is very difficult 
to graduate the opacity of the atmos- 
phere, but for our purpose it will be con- 
venient to separate weather which in a 
general way is misty or hazy from that 
which is essentially foggy. 

The general result of all the observa- 
tions made in respect of haze, show in- 
contestably that the single electric light, 
as shown from the A tower, greatly ex- 
cels the most powerful superposed yas 
or oil light in penetrating power, either 
as a fixed or revolving light. Of 284 eye 
observations recorded as made in weather 
not clear, but without actual fog, the 
mean percentage of superiority of the 
electric light over gas is about 36, and 
over oil, 41. ‘These percentages must 
not be taken literally, they are not intend- 
ed to convey exact numerical ratios, but 
are founded upon the estimates of many 
and various observers at different posi- 
tions, and possibly under different con- 
ditions. But the general verdict of su- 
periority of the electric light in such 
conditions of weather is plain and unmis- 
takable. It is always better than anything 
else. 

As regards gas and oil, 231 observa- 
tions of quadriform gas, 108 jets revoly- 
ing, as compared with triform oil 6 wicks 
revolving, made at times when the trans- 
parency of theatmosphere was impaired by 
mist, haze, rain, or snow, show that the gas 
light has a mean percentage of superiority 
5.8 per cent. When shown as fixed lights, 
the superiority of gas over oil is increased 
to 12.2 per cent. as the mean of 72 obser- 


‘vations. In this case the body of miscel- 


laneous observers give their verdict that 
the gas light is better than the oil light. 
‘This advantage dves not mean that the 
revolving gas light penetrates to a greater 
distance than the revolving oil light, but 
merely that at the points of observation, 
near or far, where both are seen, the gas 
light is regarded as better than the oil 
But, for all practical purposes, 
the oil light is seen whenever the gas 
light is seen, although it is evident that 
the gas is the better light of the two, as 
it ought to be with its four lights against 
three. As a fixed light, the gas certainly 
has the best of the oil. The four closely 
packed 108-jet gas flames showing 
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through their closely-fitted lenses, yield 
a column of light very superior to that of 
the three widely separated 6-wick oil 
lights. As exemplified at South Fore- 
land, the oil light was beaten by the fixed 
gas light. But without stopping to in- 
quire whether a better effect could have 
been made with the fixed oil light it may 
be sud that fixed lights are gradually be- 


coming of less importance, owing to the | 


necessity for providing lights with dis- 
tinctive characteristics, for condensing 
the rays into strong beams, and to avoid 
lighthouse lights being mistaken for an- 
chor or other lights on board vessels at 
sea. 

In actual fog the electric again holds 
itsown. The experience of fogs at South 
Foreland, though not large, was sufficient 


to furnish valuable comparisons, and it | 
was proved beyond question that the sin- | 


gle electric light pierced a greater depth 
of fog than the highest powers of either 
gas or oil. 
form oil lights were practically equal in | 
fog, though some observers occasionally | 
recorded the gas as a few feet better. | 

3ut in such fogs the mariner would not 


yy a 2 } 
The quadriform gas and tri- | 


ants. With three lights of of equal candle 
power, one electric, one gas, one oil, ex- 
hibited in a foggy atmosphere, there is 
little doubt that the electric would be 
eclipsed at a much shorter distance than 
the others; but as the electric beam can 
be made so much more intense than it is 
possible to make the gas or oil beim, the 
electric light, though heavily handicapped, 
beat its competitors in fog by the super- 
abundance of its own luminous energy. 
Such, then, are the results obtained 
from the testimony of eye witnesses. 
The photometric measurements entirely 
corroborate the eye observations as to 
| the superiority of the electr ic light in all 


weathers, both in revolving and fixed 
phase. They also give the 108- -jet gas 


burner a superiority over the 6-wick oil 
burner, when both were shown through 
similar lenses; and, taking the mean of 
all weathers, the former is credited with 
‘an advantage of 16 per cent. over the lat- 
ter. But it is important to note Mr. 
Harold Dixon’s remarks on this point. 
He says “this difference in illuminating 
|power means but slight difference in 
| penetrating power. In mi my observa- 


derive the slightest advantage from any | tions, both on sea and land, in haze and 


light. The recorded distance to which | 
lights were carried, or where they were | 
picked up in the fog, range mostly be- | 
tween 700 and 2,000 ‘feet from the lights |i 
themselves, and the superiority of the 
electric light is determined by its pene- 
trating 200 or 300 feet further than the 
gas or oil lights. The most powerful 
electric light was shut out on one occa- 
sion at 1,450 feet, on another at 1,500, 
another at 1.700, on another at 1,500, an- 
other at 1,300 feet. It will be plain to 
all here that no mariner could possibly 
be benefited by a light which was not 
visible at such di-‘tances from the light- 
house. And for purposes of navigation 
a difference in the visibility of the ‘lights 
of 200 or 300 feet is of no value what-|t 
ever. One remarkable fact stands out 
prominently here, viz., the greater ratio 
of absorption by the fog of the elec- 
tric rays as compared with the gas and 
oil rays. Fortunately for the electric 
light, as shown at South Foreland, it 
possessed a large reserve of initial intens- 
ity, which enabled it, notwithstanding its 
much greater proportion of loss by ab- 
sorption of its more refrangible rays, to 
penetrate further than the other illumin- 








in thick fog, the quadriform 108-jet gas 
light was picked up just before, but only 
just before, the triform 6-wick oil light; 
in other observations the two lights were 
picked up simultaneously.” Tiuis exactly 
coincides with the evidence of the eye 
witnesses, and supports the belief that 
the four lights in the gas lantern just 
managed to hold their own and no more 
against the three lights in the oil lantern. 
The table in page 505 gives the value 
of all the burners in clear weather. The 
results are stated for a single burner in 
each case, but to obtain the value of 
quadriform gas or triform oil it is only 
necessary to muliply by four or three. 
The experiments have shown clearly 
that, light for light, 7.e. diameter for di- 
ameter, gas and oil are very much alike 
in illuminating power; indeed, under 
such conditions, the oil flame seems to 
be rather the better. They have also 
shown that oil lights can be superposed 
with the same facility as gas lights, and 
can be exbibite1 under similar conditions, 
with one exception, that no oil flame has 
yet been brought to the enormous size 
of the 108-jet burner. Lut as this enor- 
mous size of flame is not required, this 
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TABLE OF PHOTOMETRIC VALUES. 



































Illuminating power in candles 
Dimensions of the flame. (mean results). 
| 
Name of burncr. Through lenses in clear weather 
| =e = aa 
On the | At focal : flames. 
burner, | plane. Height. Cylinar. Eddyst Mew 
belt. | ystone. | Tsland. 
= Ss | = = 
| Inches, | Inches. Inches. Fixed | Revolving | Revolv. 
730 | light. | light. light. 
6-wick oil, Douglass, old) 43 43 5 5,006 | 64,000 48,000 
ER sacs nite. | | 947 | 
7-wick oil, Douglass, new 51 , | 6 | 8,100 | 60,000 49,000 
Ri skcces ekinbawnee wai ‘ 1,400 
8-wick oil, Douglass, new] 7} 53 6s 
oS SEI | 1,785 
9-wick oil, Douglass, new| 7} 53 63 = 
ON Ee areas 7 | 825 | | 
6-ring gas, Douglass (can-| 43 23 | 5 | 6,700 | 92, | 70,000 
alee IM a CII | 2,500 
10-ring gas, Douglass (can-| 74} 58 6 | | 12,899 105,000 94,000 
_, SSR eee a eae | 2,800 
108-jet gas, Wigham (can-| 113 | 113 | 13* | | 15,600 . 59,000 
Re ee mae eee oo | 1,400 | 
88-jet gas, Wigham (cannel)| 94 93 13* 980 | 13,000 i | 54,000 
68-jet gas, ‘ “ 7 73 13* 689 | 8,800 | sia 48,000 
48jet gas, “ 6 6 12* 250 | 5,700 | i 42,000 
23-jct gas, ‘ “ 41 41 | 12* 3,000 | i | 33,000 
Regenerative gas, Siemens ; 600 | | 
oe eer 10 10 | 6 | 38,800 | 10,000 
Regénerative gas, Siemens, | 194 | 
small size (cannel)....... | 4 4 4 824 |. sd 
6-ring gas, Sugg (cannel)...| 74 7% | 83 | 5,600 55,000 | 
| | | | 
| (Cylindr. telt 
iwith vertical 
| prisms. | 
| revolv. light.| 
Electric, 1 machine........ = 4 | 10,000 | 120,000} 1,250,000 | 
Electric, 2 machine. ....... | | 15,000 | 150,000; 1,500,000 | 











AA. to 5 inches of these heights are naked flames, the remainder is surrounded by a transparent tale 
chimney. 


is not of great consequence. As the two| other hand, mineral oil was found to be 
lights were shown to be so nearly equal,|so cheap, so easily supplied and stored, 
the questions of convenience and econo-| and so easily managed, that the balance 
my assumed very considerable import-| of advantage was seen to be distinctly in 
ance in connection with their relative|its favor. Here is the real enemy which 
merits as lighthouse illuminants. It had hus beaten the gas system. As I before 
to be considered that the gas system| observed, the arguments employed in the 
could not be taken to a rock lighthouse | early part of this discussion to demon- 
or used on board a light vessel, therefore | strate the economy of the gas system 
its application would have to be limited | were based on the then prices of rape 
to lighthouses on the mainland. The seed oil at 4s. 94d., 3s. 104d., 2s. 9d. per 
necessity for the erection of gasworks, | gallon, but times are changed; mineral 
gas-holders, mains and pipes, &c., in-| oil has nowreplaced the high priced rape 
volved a large expense, all of which might | seed oil, and is supplied at 6d. per gal- 
be justifiable if the advantage to be|lon. It is this fact which has demolished 
gained were proportionate. But, on the|all elaborate computations to prove the 
Vou. XXXIV.—No. 6—35 
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economy of gas. Notwithstanding Mr. | 
Wigham’s great ingenuity and persever- 
ance, circumstances over which he has no} 
control have vanquished him; and if at 
any time Mr. Wigham can bring down 
the price of coal gas so that the light is 
less costly than that of mineral oil, he 
may reasonably expect that oil will then 
have to take a back seat. But that time 
is not yet. 

The whole result may be approximately 
stzted as follows:—For expenditure of 
raw material only, without reference to 
plant, labor, &c., a 6-wick mineral oil 
lamp burning for six hours would con-| 
sume four gallons of oil at 6d.=2s., or, 
say, 3s., including wicks, cylinders, &c. 
A 108-jet burner alight for the same pe- 
riod would consume 1,800 eubie feet of 
gas, at a cost of not less than 10s. for 
coal alone. Taking all these considera- 
tions into account, it will not be surpris- 
ing to this audience to hear that the final 
conclusion of the committee was: 

“ That for ordinary necessities of light- 
house illumination, mineral oil is_ the 
most suitable and economical illuminant, 
and that for salient headlands, important 
landfalls, and places where a very power- 
ful light is required, electricity offers the 
greatest advantages.” 


DISCUSSION. 


The Chairman, in opening the discus- 
sion, pointed out the thorough manner 
in which the testing of the lights in the 
experiments spoken of had been carried 
out over long intervals of time, and under 


a variety of circumstances. No doubt, 
therefore, could attach to the conclusions 
arrived at. From a practical point of 
view, one of the most interesting results 
was the short distance penetrated by the 
most powerful lights, and it seemed that 
a doubling or trebling of the lights in 
many cases very little increased their 
power of penetration through fog. Per- 
haps, after all, that was what might have 
been expected, for when powerful lights 
of many thousand candles were entirely 
quenched at the distance of a few thous- 
and feet, it was evident that in every few 
hundred feet of that distance the lights 
must be diminished in considerable pro- 
portion. Further particulars as to the 
less penetrating power of the electric 
light as compared with oil or gas would 
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be interesting. To a certain extent peo- 
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ple were misled by ordinary London ex- 
perience of f It was a matter of 


os 
1028. 


'ecommon observation in London, a few 


years ago, when the electric lights were 
burning on the embankment, that at a 
very moderate distance they seemed to 
be almost as red as the gas lights burn- 
ing beside them, but that effect was more 
likely to be produced by the London 
smoke rather than by what could be 
properly called fog. When the sun at 
midday is shining through a bank of 
cloud which allows its line to be visible, 
it is seen, not altered in color, but in its 
original whiteness. At sunset, it was 
true, when the sun shines through a low- 
er stratum of the atmosphere, a red color 
is perceptible, but that appearance could 
not properly be attributed to fog or cloud, 
otherwise tle same effect would be ob- 
served when the sun was high in the 
heavens, and its rays hid to pass through 
a mile ora mile anda half of cloud. A 
little more than a year ago he had him- 
self witnessed the experiments with these 
lights, and had spent a very interesting 
night walking between the huts spoken 
of, placed at various distances from them, 
and in observing the effects of the lights, 
and the careful arrangements made with 
reference to photometry. As to the com- 
parison of the effect of lights of different 
colors, he saw the star-disk arrangement 
spoken of in the paper, and had verified 
the possibility of taking very accurate 
observations in spite of difference in color 
between the electric and gas and oil 
lights. Within the last week Captain 
Abney and General Festing had brought 
before the Royal Society a very interest- 
ing account of some elaborate observa- 
tions which had been made upon this 
very subject of the photometry of differ- 
ent colored lights, and they had proved 
(rather to the surprise of many) that it 
was possible to make comparisons be- 
tween lights of very various colors, be- 
tween white light and the green, or red 
lights and the spectrum, almost as accu- 
rately (Captain Abney said, within 1 or 2 
per cent.) as could be done between lights 
of absolutely the same color. In esti- 
mating the rapidity of the alternation of 
the currents, Mr. Edwards appeared to 
have multiplied the number of coils by 
the number of revolutions, assuming that 
each coil sent a distinct pulse. He 
thought the arrangement was such that 
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each passage of the coils in-front of the 
magnet page one pulse, so that the nuw- 


ber of coils should not be multiplied by | 


the number of revolutions to obtain the 
number of pulses. He searcely thought 
that the number of pulses could be so 
many as over a million in a minute, as 
had been stated, but some of the gentle- 
men present would probably be able to 
speak upon that point. 

Professor W. G. Adums, F.R.S., said 
that, from his own personal observations 
and measurements, he could bear Mr. 
Elwards out in many of the remarks 
which he had made with regard to the 
relutive illuminating powers of gas and 
oil, and of the electric light, under the 
arrangements for their comparison which 
were made at the South Foreland As 
regards the comparison of oil and gas, he 
thought Mr. Edwards had given a full 
and fair account of their relative merits, 
and had drawn just conclusions on them. 
He would strongly emphasize the praise 
of the Douglass 6 and 10-ring gas-burn- 
ers, for he felt sure that all who had the 
opportunity of judging must be of opin- 
ion that for the compactness of the 
burner, the concentration and steadiness 
of the flame, and for the remarkable 
economy of gas, these Douglass gas-burn- 
ers far surpassed any other gas burner 
which had ever been tried for lighthouse 
work. The 6-ring burner, 44 inches in 
diameter, gives the light of 108-jet gas, 
11} inches in diameter, and only con- 
sumes one-third of the amount of gas 
consumed by the 108-jet burner. 
10-ring Douglass gas-burner, 74 inches 
in diameter, gives 60 per cent. better 


light, and only consumes two-thirds of | 


the gas of the Wigham 108-jet burner. 
The relative smallness of these flames is 
of great importance in their use behind a 
lighthouse lens. 
draw attention to a fallacy which seemed 
to exist in certain quarters, and from 
which Mr. Edwards did not seem to be 
quite free, but which had been fully 
proved to be a fallacy by the experiments 
at the South Foreland. It is assumed 
that a second order lens, or even a third 
or a fourth order lens, is quite large 
enough for a source of light of small size 
like the electric light. ‘The results, as 
given by Mr. Edwards, have shown that 


if the object was to prove the superiority | 
of the electric light over any other light | 


The | 


And here he would! 
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for lighthouse use, then the second order 
lens was quite sufficient to show this su- 
periority under any conditions of weather. 
As long as oil and gas flames were of 
moderate size, say four inches in diame- 
ter, second order lenses did fairly well ; 
but when flames 6 or 8 inches in diame- 
ter came into use, there was found to be 
little or nor increise in the light, and so 
the lenses too must grow, and we must 
have Fresnel’s first order lenses. Then, 
again, the flame grows to 10 or 11 inches, 
and even first order lenses give very lit- 
tle increase over smaller flames, as shown 
by comparison of Wigham 88-jet and 
100-jet gas in Mr. Edwards’ table ; and so 
it becomes necessary to construct a lens, 
as Mr. Stevenson has done, which consid- 
erably exceeds in size what has hitherto 
been called “the first order lens.” The 
experiments at the South Foreland have 
shown, and Mr. Edwards’ table proves it, 
that lights concentrated into a smaller 
focus, und especially electric lights, gain 
more than any others by the use of larger 
lenses. Compure the Douglass 6-wick 


oil (730 candles), the Wigham 68 jet gas 


(990), and the Douglass 6-ring gas (825), 
when used behind the same Mew Island 
lens. Much more is this the case with 
the electric light. Had Mr. Edwards 
completed his table, and given the illum- 
inating power of the electric light through 
the Mew Island lens, as given in his 
(Professor Adams’) report, the numbers, 
15,000,000 and 18,000,000, wou!d have 
been seen in the last columns of that 
table as compared with 59,000 for the 
108-jet gas. The multiplying power of 
the lens for the electric light would have 
been 1,500, whereas for the 108-jet gas it 
is only 25, and about 38 for the Douglass 
10-ring gas. It will be seen that, with 
the cylindrical belt with vertical prisms, 
the multiplying power for electric light 
is 125, and for the Mew Island lens it is 
twelve times as great, or 1,500. For the 
adequate comparisons of the electric light 
with other systems of lighthouse light- 
ing, it is essential that the same lenses 
should be used, and for this as well as for 
some other reasons, we must look upon 
the results of tha South Foreland experi- 
ments as only showing that the electric 
light is superior to every other light, but 
not by any means as showing what the 
electric light is capable of doing. His 
(Professor Adams’s) report showed that 
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much more has been done, and that under | vantages of the system have been highly 
favorable conditions far more of the elec- | appreciated by mariners, and the increase 
tric energy can be converted into light-|of range of the lights has been very 
giving rays. The merits of the electric| marked in slightly foggy weather. It 
light as a lighthouse illuminant cannot, | | certainly enables mariners to continue 
as his report showed, be arrived at sim- | their voyage, and toentera port at night, 
ply by the results as shown from the A| when they would not have been able to 
tower at the South Foreland, without do so with oil lights.” M. Petit for many 
taking into account the loss of energy to| years was commander of a steamer on 
which Mr. Edwards had alluded, and| the postal service from Ostend to Dover. 
which would not exist in any permanent | To M. Petit’s paper, and to his (Professor 
installation. With regard to these ex-|Adams) report to the Trinity House, as 
periments, he (Professor Adams) bad|well as to his lecture at Aberdeen, he 


been asked by practical men how it is 
that so little light as 10,000 or 12,000 
candles is obtained from the expenditure | 


‘must refer for proof that the step from 
oil lights of 1870 to electric light of 
1884 represents an improvement in the 


of so much energy, when we get more| proportion of from 30 per cent. to 90 per 
efficiency and far more effective work | cent. in lighthouse illumination, and that 
from our dynamo machines. To some the number of nights on which the elee- 
extent this is true, and may easily be ac- | ‘tric light is seen 20 miles away is about 
counted for. A machine does most effec- | 90 in every 100. On a few very thick 
tive work when the external resistance of | nights an increase of 100-fold in the 
the circuit is not greater than the inter-| source of light, whether it be electricity, 
nal resistance of the machine; now in| gas, or oil, will hardly increase the dis- 
this case the internal resistance of the! tance to which the light is seen by 100 
De Meritens machine is .05 ohms, and|yards. He thought Mr. Edwards must 
the resistance of the leading wires to the| have made a mistake in his description of 
tower (to say nothing of the lamp and | the mode of coupling the machines. The 


the electric arc) is .077 obms, or more|two machines coupled parallel have an 


than half as much again. Hence it will 
be evident to all practical men that these 
excellent De Meritens machines can do far 
more than has hitherto been done with 


them. Whereas the light in the A tower | 
is given by a current of 100 amperes, or | 


at most 130 amperes, the machine has 
given a current of 420 amperes when the 
electric lamp was not far away from the 
De Meritens machine. With regard to 
the apology of Mr. Edwards, or the rea- 
son he alleges why the electric light has 
not been used in England, although it 
has been received more favorably in 
France (on the French coast there are 
42 electric lights), he would ask if the 
mariners ever object to the dazzling 
brightness of the sun, and if the electric 


light does not more nearly resemble bril- | 


liant moonlight? Mr. Edwards said the 
electric light was removed from Dunge- 
ness, because mariners disliked it, but he 
(Professor Adams) had shown in his lec- 
ture at Aberdeen, before the British As- 
sociation, what mariners thought of the 
electric light of the South Foreland when 
it was first established there; he quoted 


E.M.F. of 60 volts, and a current of 176 
amperes, and the two machines in series 
are said to be also of 60 volts, and a cur- 
rent very nearly the same; these values 
seem to show that in this case the coup- 
ling must have been also parallel, prob- 
ably the opposite poles of the magneto 
machines were connected. He was glad 
to hear of Mr. Edwards state that the 
electric light can generally be maintained 
with a fair amount of steadiness, and 
that the fluctuations have not been very 
serious, but I think no friend to electric 
lighting can ever hold with him that its 
unsteadiness may be advantageous. As 
regards the size of lenses used in the A 
tower, they extended only over 30° of 
| are, bringing the bundle of rays into a 
| parallel beam, whereas the Mew Island 
lenses in the B tower extended over 60° 
of are, both horizontally and vertically. 
With regard to the greater absorption of 
the electric beam by the atmosphere, the 
experiments with steam fogs had shown 
that it was by no means s0 great as was 
previously supposed. The illumination 
given by the blue and violet rays is very 





from a work of M. Petit, translated by 
Mr. Edwards. M. Petit says: “The ad- 





small, and even if they were absorbed, 
the total light would not be thereby very 
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‘much reduced. The experiments at the 
South Foreland have shown that, using 
the large Mew Island lens, with the 108- 
jet gas of 2,400 candles, and the electric 
light of 12,000 candles with the smaller 
lens, the electric light in clear weather 
was at least sixteen times as bright, and 
in foggy weather was about thirteen 
times as bright as the gas light, the ex- 
cess of absorption for the electric light 
being about 20 per cent. more in fogg 
than in clear weather. Had the same 
lenses been used for both electric light 
and gas, the illumination given by the 
electric light would have been from 150 
to 200 times the light from gas. 
Professor C. Vernon Harcourt, F.R.S., 
said one of the points of most general 
importance was that raised by the Chair- 
man as to the relative absorption of the 
electric and of other lights by the at- 
mosphere in a certain condition. It 
might be that one of the causes why the 
electric light was credited with suffering 
more by atmospheric absorption was that 
so many observations were made in Lon- 
don, and that London fog differed per- 
ceptibly from such haze and mist as was 
met with at sea; and it might differ in 
respect of possessing this selective ab- 
sorption in much greater degree than 
when the air was simply obscured by sus- 
pended particles of water. When there 
was rain falling, or there was a wet fog, 
such as was met with sometimes on 
ascending a mountain, the obstruction to 
the light was suffered equally by light of 
all degrees of refrangibility, and it might 
be that when the water was more finely 
divided, as in a haze, that this selective 
absorption occurred where the size 
of the globules was comparable with the 
wave-length. He was glad to hear Pro- 
fessor Adams’ remarks as to the degree 
to which absorption reached. Becquerel 
stated that for solar light the rays from 
blue to violet were 14 per cent. of the 
whole; but it had been stated that the 
proportion of these rays was greater in 
the electric light than in the solar light; 
and perhaps in that case the total ab- 
sorbed in this selective way might be 
more than 14 per cent. It was very im- 
portant to have some such limit fixed to 
the possible loss of light in this way. It 
was also important to understand that 
the way in which the atmospheric absorp. 
tion acted was, as Professor Adams had 





described, that each stratum of thick air 
which the light passed through, cut off a 
certain fraction, and that the same ab- 
straction happened to all light of the same 
color, and was of such a character that 
there might be a great disproportion be- 
tween the increase which might be pro- 
duced in the light and the cone of rays 
which was the consequence of that in- 
crease. If the fog were such that one of 
Mr. Wigham’s single lights were exting- 
uished at two miles, the quadriform light 
would only extend to 2.1 miles, or some- 
thing like that. Sometimes expregsions 
were used as if it were possible to pro- 
duce light of such a kind that it would 
go clean through a fog, but that was 
quite impossible, It was not like an en- 
gine cutting through a snow drift, which 
might be too thick for one engine, or 
even two, to get through, but by putting 
on three or four they might force their 
way right through into the clear space 
beyond. That could not happen at all 
in any homogeneous haze, but something 
like it might happen in exceptional cases 
where the haze was limited in extent, so 
that the weaker light might, perhaps, 
just get through; then a more powerful 
light might go through and travel on, 
and in that way might appear to have 
twice the range of the weaker light. It 
had struck him several times, in witness- 
ing these experiments, that the electric 
light was tried under less favorable cir- 
cumstances than any of the others, the 
only reason he could suppose being that 
those who were already experienced in it 
felt perfectly sure that, tried in any way, 
it would prove the most powerful light. 
There were smaller lenses, there was the 
imperfection in the long leads, and one 
or two other circumstances; for instance, 
it would have been possible to work one 
of the are lights with the whole Fresnel 
arrangement, and there was no_ heat 
given off by the are, though with gas or 
oil flames that would not be possible; 
but the suppression of part of the Fres- 
nel arrangement cut off some 30 per cent. 
of the available light. 


ome 


Messrs. Kincarrp & Co., engineers, 
Greenock, have contracted to supply, at 
a cost of between £2,000 to £3,000, dock 
gates for the San Fernando Dock Com- 


pany. 
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THE PRESENT ASPECT OF MILD STEEL FOR SHIPBUILDING. 


sy JOHN WARD. 


Read before the Institute of Nava! Architects 


TuerE are few industries in our coun- 
try which, through scientific skill, have 
undergone such marvellous changes in so 
few years as the professions of shipbuild- 
ing, bridge building, and boilermaking 
through the successful manufacture of 
mild steel- by the process known as the 
Siemens-Martin. So many able members 
of our institution have at previous annual 
meetings recorded their experience of 
this material, and furnished data for gen- 
eral guidance, that it becomes a some- 
whut difficult matter to say anything ab- 
solutely new or fresh on the subject. The 
present aspect of mild steel as applied to 
shipbuilding is, however, specially inter- 
esting from the fact that the relative 
prices of steel and iron so closely ap- 
proach each other that steel steamers can 


now be built on the Clyde as cheaply as} 


iron ones of the same dimensions, thus 
giving the owner of a steel steamer the 
adtantages of greater deadweight, and a 
material which is much more reliable 
under all conditions of the ship’s life 
than iron. This being so, and the firm 
of which I am a member having had, per- 
haps, as large an experience in the use of 
this material as any of the professional 
members of our institution, it may neither 
be uninteresting nor uninstructive if I 
supplement the paper read before this in- 
stitution by my partner, Mr. William 
Denny, in 1880, and put on record a gen- 
eral statement of the work done by us in 
this material up to date, of the treatment 
given it in working, of total losses 
through failures in working, and, gener- 
ally, the reasons our clients and ourselves 
have for our faith in this material under 
almost all conditions of treatment. 

Since eight years ago we built the 
Union Company of New Zealand steamer 
Rotomahana, the first ocean-going mer- 
chant steamer ever built in this material, 
we have delivered to owners eighty steel 
vessels, varying in gross tonnage from 
50 to 5,000 tons, and aggregating up- 
wards of 118,000 tons gross register. 
We have used in their construction up- 
wards of 51,000 tons of mild steel, made 


up of nearly 375,000 separate pieces of 
plates, angles, channels, bulbs, and bulb 
trees. This number is made up from the 
order books in which lugs and other small 
pieces are ordered in long lengths. If 
the work at present on hand in the vard 
is added, our tonnage and total of mate- 
rial used would be proportionately in- 
creased. In working this materia, we 
have for the last five years gone on the 
general principle that, if steel could not 
stand the maximum amount of rough us- 
age it is sure to get in a shipyard in 
punching, shearing, hammering, furnac- 
ing, etc., the sooner it failed, and the de- 
fects made known and remedied, the bet- 
ter; for were special precautions neces- 
sary for working it, as many people still 
believe, so surely would this necessity 
bring about its certain failure and rejec- 
tion, as no amount of instructions would 
ever gain it better or different treatment 
at the hands of the workman than iron 
has always had. In this view the work- 
man would be right, as no material striv- 
ing to supplant iron should need or re- 
ceive special favor. The ability of steel 
‘to stand successfully all conditions of 
rough usage in working is an important 
‘and necessary evidence of its suitability 
|to resist the severe local and general 
|strains certain to come upon it when 
| worked into the vessel’s hull. 

Our total failures in working Siemens- 
| Martin steel are divisible into two peri- 
ods—(1) that up to 1880 embodied in Mr. 
| Wm. Denny’s paper of that session ; and 
| (2) since 1880 tillnow. The failures may 
'be summarized as follows: In the first 
| 7,000 tons used, embracing 58,000 sepa- 
rate pieces of material, six plates and one 
|angle bar failed. In the last 48,000 tons, 
|embracing work to date, and consisting 
of about 350,000 pieces, seven plates and 
two angle bars failed. We have often 
lost more than four times this amount in 
a single iron vessel. These results under 
treatment such as I have named, are 
worthy of as much recognition by authori- 
ties interested in steel as the occasional 
failures receive, and go to prove that 
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under conditions of local heating, or even 
blue (called in shipyards black) heat, fail- | 
ures in shipyards of Siemens Martin steel 
are the rare exceptions and not the rule. 

Local heating without subsequent an- | 
nealing, is generally condemned by most | 
authorities on steel, including Lloyd's 
Register. This condemnation is at vari- | 
ance with the practice allowed by the lat- | 
ter body. In private shipyards, boiler | 
shops, and Admiralty dockyards, local | 
heating is largely carried on. In fact, it | 
is almost impossible to build a vessel | 
without a considerable amount of local | 
heating in some sections of the work— | 
notably all the dock beams to which 
knees are welded. or the ends of the| 
plates in all water tight bulkheads, which | 





Fracture at a blue heat is known as a 
reality, and from the valuable tests of Mr. 
Barnaby some years ago, as also Mr. 
Stromeyer’s paper recently read at the 
Institute of Civil Engineers, one would 
expect to find it of common occurrence 
in the shipyard. Asa matter of fact this 
is not the case, and, so far as our experi- 
ence goes, is very rare. In the eighty 
vessels mentioned, we have heated and 
bent between 35,000 and 40,000 frames 
and reverse frames for them, all of which 
have been worked during the tempera- 
tures of red to blue heat, and in almost 
all cases finished at a blue heat. - Keel 
and ballast tank wing plates are flanged 
and worked at heats starting with red 
and finishing with blue heats. Boss, ox- 


are drawn out at the corner to admit of | ter, and bridge plates, also forward and 
their fitting between the double frames. | aft plates in vessels with plate keels have 
In Admiralty vessels, where the amount | often to be furnaced twice and even 


of water-tight joggled work is very large, | 
it is all done under the effects of local | 
heating. In shipyards the local heating | 
of shell or deck plates is not usually neces- 
sary, but in boss, oxter and bridge plates | 
it is not at all an uncommon thing, and | 
with no apparent detrimental results. 
Local heating in the construction of | 
marine steel boilers is quite a common | 
practice in the Clyde district, some hun- 
dreds of furnace and combustion cham- 
bers having been made by welding, and 
no difficulty whatever experienced with 
the material. Local heating by welding 
in this manner is found to be quite satis- 
factory, and even without annealing is 
considered an improvement over lap 
joints and seams of rivets, or butt straps. 
A more severe test of probable damage 
from local heating often occurs in making 
large steel boilers where it is almost im- 
possible to get the plates perfectly fitted 
for rivetting, save by local heating and 
hammering close—one of the instances 
being where circumferential plates cross 
the joints of boiler fronts. Neither is it 
at all an uncommon occurrence the lift- 
ing of furnace crowns, which after a long 
voyage have, through carelessness or | 
other cause come down. Not only are 
they locally heated, but severe local 
strains are set up owing to the lifting of 
the crown being done by means of a 
screw jack localized where the heating 
shad taken place. Boilers used in this 
way seem none the worse for the treat- 





ment. 


thrice before proper set is got. These 
always get a large amount of rough us- 
age from workmen by hammering till 
cold, and yet with marvelously few fail- 
ures. In carrying out recent experi- 
ments, the object was to test the working 
of ordinary steel under conditions fully 
equal to those involved in repairing a 
badly-damaged vessel, and under the be- 
fore-mentioned conditions of local and 
blue heating, ete. Three experiments 
were made in our own works from ordin- 
ary steel plates taken from the stock, and 
dynamite and temper tender tests were 
made by permission of Mr. James Riley, 
of the Steel Company of Scotland, at 
their Hallside works, from ordinary sbip 
plates of their manufacture. These dy- 
namite tests are both exhaustive and in- 
structive, but their severity is somewhat 
unnatural, and is greater than could pos- 
sibly occur to a damaged steamer. The 
plates were only 2 feet 6 inches square, 
and the damage was consequently con- 
centrated on one portion of a small area, 
while in the 12 to 16 feet lengths of ordi- 
nary shell plating the damage could 
hardly be localized to the same extent. 


|The wonder is that plates could success- 


fully stand such treatment, and, while the 
tests show the comparative results of 
same under conditions of cold, red and 
blue heats, yet the tests from actual 
damaged plates taken from a steel steamer 
and treated hot and cold are of more 
value as affording reliable data for guid- 
ance. It should not be forgotten that, 
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even after the dynamite and blue heat ' straining of the ship, or by fairing or 
treatment, the steel in the immediate rolling, either hot or cold. The means 
vicinity of the dishings is still better of thirty-seven pieces taken from solid 
than average iron supplied to shipyards | parts of plates were 28.5 tons and 24.2 
while tests taken from portions clear of| per cent. extension, and of thirty-four 





dishing, which received a considerable 
amount of work at this heat, are quite 
satisfactory in respect to strength, duc- 
tility and bending. 

The record of tests made last year 
from four damaged shell plates and two 
shell butt straps taken from a steel 
steamer, are especially interesting, both 
as a testimony to Siemens-Martin steel— 
of which that vessel was constructed— 
and for the care with which they were 
conducted under the most careful su- 
pervision, including representatives of 
Lloyd's Register. I, was personally pres- 
ent at the investigation, and am permit- 
ted to embody the results in this paper. 
The objects with which these tests were 
made was to find out what light could be 
thrown upon the fullowing propositions, 
and to what extent they could be verified 
or disproved by actual experiment: 1. 
That great and special attention must be 
paid to steel ships, because the material, 
steel, is of such a peculiar and novel 
character. 2. That damaged steel plates 
could not be taken off and re-rolled to go 
back again in their places, even steel 
plates in a ship twelve months old, on the 
ground that they would be so strained 
that it would not be known or seen how 
far they had been weakened by the strain- 
ing. 3. That in a steel steamer only 12 
months old, the material, when it came 
off, must be regarded as a second-class 
material, and not fit to repair the ship 
with ; or, if put back, the vessel would 
not be eligible to take the 100A class 
again. 4. That, by cutting out the rivets 
in steel plates, the character of steel 
is very materially injured. By cutting 
out the rivets and cutting off the heads 
of the rivets with a cold chisel, a great 
and injurious strain is brought on the 
plates in the immediate vicinity of the 
rivet holes, altering the character of the 
material very much. 

From the detailed analysis of the tests 
made there is no evidence of loss of 
strength or of ductility in the material in 
proximity to the rivet holes of landings 
or butts more than is to be attributed to 
the process of punching, rivetting, etc., 
end no evidence of unseen injury by 





| Pieces taken between holes of landings 
and butts 28.8 tons and 20 per cent. ex- 
tension. In the construction of steel 
vessels built to Lloyd’s rules, and receiv- 
ing their highest class under special sur- 
| vey, the option has been, and still is, 
allowed of rivetting with either iron or 
steel rivets. As Mr. Wildish in his able 
paper of last session puts it, ‘“‘ Iron rivets 
in steel plates is not a desirable combina- 
ition.” . There are sound reasons against 
the use of iron rivets in steel steamers 
(especially in the shell and decks) and 
, only one argument in their favor, that of 
being cheaper. Our uniform practice 
has been steel rivets for steel steamers, 
‘and with ordinary treble-rivitted butts 
and 20 per cent. heavier straps than the 
‘plates they connected, we have not (save 
in one of our earliest steel steamers, 
‘built in 1879) had a single complaint as 
_to weakness in the butts in any of them. 
: This I can confirm from personal examin- 
ation of many of them in dry dock after 
repeated voyages, and also from append- 
ed letters from the superintendents of 
some of the principal companies which 
have built in this material. Their expe- 
rience is valuable as evidence on the im- 
portant points of strength, durability, 
corrosion, and safety. 

, In the face of these facts it is difficult 
to know where the reason has arisen for 
the extra rivetting in shell and stringer 
butts embodied in Lloyd's rules of this 
year—one of the results being a decided 
weakening of the butts and a partial 
neutralizing of the advantage of a thicker 
butt strap. If steel vessels have been 
showing symptoms of weakness at the 
butts, have they been rivetted with iron 
or steel rivets, and are they many in 
number? Steel vessels under the rules 
of the late Liverpool Registry (now ab- 
sorbed by Lloyd's) were compelled to be 
rivetted with steel rivets, and a similar 
practice is carried out in all recent Ad- 
miralty work. This matter will doubt- 
less receive early recognition at the 
hands of Lloyd’s Register, and thus give 
steel vessels all the benefit of construc- 
tive thoroughness they are entitled to ; 
for, apart altogether from the difference 
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in the une strength of iron as 
against steel rivets, another and much 
more serious defect can be proved to re- 
sult from the use of iron rivets either 
in steel or iron plates. 

The series of tests of iron and steel 
rivets were most carried out by us in our 
works, and showed that, with no strain- 
ing save that due to actual rivettin 
caulking, and contraction in cooling, a 
large proportion of the iron rivets, on 
cutting out (after a fortnight’s immersion 
in our dock), had fractures localized 
chiefly at the juncture of countersink and 
shank, where they broke; the shank and 
head, in the majority of cases, coming 
out altogether, while the steel rivets in 
every instunce were absolutely free from 
fracture of any kind, and took from three 
to four times the number of blows to cut 
out that the iron ones did; and in almost 
every case the cutting out was only 
effected when the neck was cut complete- 
ly through. The rivetting was done by 
journeymen, and differed in no way from 
work done in actual vessels, and the iron 
rivets were from those in use by three 
firms (besides ourselves) who are build- 
ing vessels to highest class at Lloyd's. 
The cause of this investigation was the 
finding of a large number of apparently 
sound rivets (in so far as the ordinary 
method of testing could discover) show- 





purely imaginary. Local annealing or 
rimering, such as laid down by Lloyd’s 
for garboards, sheer strakes, and strivgers 
seem an undesirable nursing of steel at 
this period of its age, for if it be neces- 
sary to so specially treat the parts men- 
tioned, it should be just as necessary in 
the bottoms, sides, and bilges. This, ex- 


g,| perience does not warrant, and probably 


the better plan would be to remove the 
special treatment laid down for those 
portions of the hull, and put as much 
proportionate faith in the goodness of 
Siemens-Martin steel as has, without 
question, been given to iron until now. 
The effects of galvanizing steel plates 
and angles, for special work, and where 
cementing is admissible, is a subject with 
which we have experimented most care- 
fully. In vessels designed for work in 
shallow rivers (of which we construct a 
good many) the lightest possible scant- 
ling and preservation of same from cor- 
rosion, are two of the points with which 
we have had to deal. We early adopted 
mild steel as the proper material for this 
type of construction, but the necessity 
for preservation of same from corrosion 
in foreign rivers was forced upon us at a 
later date. Preservation from corrosion, 
without deteriorating the material, was 
the object we had in view in carrying out 
our first series of galvanizing experi- 








ing blackened fractures when cut out of} ments on steel and iron plates. In the 
a damaged steel steamer rivetted with| case of the former the results were most 
iron rivets. In cutting out a number of | satisfactory, the advantages gained being 
rivets apparently equ: sally sound, in an| the desired preservation, - together with a 
undamaged iron steamer, a similar result ' slight increase of tensile strength without 
was found, the fractures in these and in| }any material reduction in its ductility. 
our own tests being, as in the steel In the case of the iron plates galvanizing 
steamer, principally ‘at the juncture of | had a weakening effect. 
countersink with shank. | As the result of our experiments, gal- 
The tests made from the plates in which | vanizing is now adopted by us through- 
the rivettings were done go to prove, | out in all our special light draught work. 
as do also the tests made last year, that In our most recent cellular bottomed 
there is little difference in the nature of steamers of large tonnage we have, to 
the material after punching and repeated prevent the rapid corrosion which often 
rivettings, caulkings and cutting out of, takes place through the action of heat 
rivets as against punching only and with- | and bilge water, galvanized the plates of 
out work upon it, and that even tests inner bottom which came under main 
from the solid show but little superiority , boilers, and in a number of large paddle 
over either. It has been asserted that steamers we have galvanized everything 
severe and injurious strains are brought under the boilers for the same reason, 
on the plates in the immediate vicinity The experiments showing loss by pickl- 
of the rivet holes through rivetting and ing, also percentage of increase in weight- 
cutting out. These tests show that ete., through galvanizing, were most care- 


either the annealing effect of a hot rivet fully carried out by us at the Steel Com- 
counteracts this, or that the injury is pany of Scotland’s Blochairn and Hall- 
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side works, through the kind permission 
of Mr. Riley; while we are similarly in- 
debted to Messrs. Beardmore for their 
kind permission to carry out at their 
Parkhead works in 1884 the tests which | 
decided us upon the practice of galvan-| 
izing now adopted. 


In conclusion, the present aspect of 
this material, as based on experience, is 
one of great encouragement both to users 
and makers, inasmuch as people see rea- 
son to forget, or have already forgotten, 
many of the fears they had at first re- 
garding it. Our experience in eighty 
steel vessels launched or delivered with 
no special treatment or,precaution differ- 
ent from that given to iron (save the an- | 
nealing of butt straps of ;§; inch and up- | 


16 
wards, as required in vessels classed at | 
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Lloyd’s), warrants us in thus making 
public testimony in its favor. Basic and 
Bessemer mild steel for shipbuilding pur- 
poses we cannot say much about, as our 
experience of both has been small, but 
doubtless some of the members will, in 
the discussion on this paper, give us the 
benefit of their experience and the rea- 
sons for the faith they hold regarding all 
three processes. The whole subject is 
one of great and general interest to us 
all, and if the record of work done in 
Leven shipyard in this material since its 
adoption in 1878 is at all helpful, either 
in adding to the reliable data contained 
in the Z’ransactions of this institution or 
of dispelling some of the fears with 
which this subject is often invested, then 
this paper will have fulfilled the purpose 
for which it was written. 


THE EXPENSE OF RAILWAY TRANSPORT. 


By LIEUT.-COL. T. F. DOWDEN, R.E., Assoc. Inst. C.E. 


From “Professional Papers on Indian Engineering. 


Tue system of special rates for freight 
on railways, so common in England, does 
not exist in India. The through rates in 
India are generaliy the sum of the local 
rates for each line, and these have to be 
so fixed as to afford a fair profit at all- 
times. In two previous Papers, the ef- 
fects of the speed of trains and of delays 
in working were considered, whilst the 
present Paper treats of the economical 
effect of working as a whole. In 1883 
there were 10,563 miles of railway open 
in India; their working expenses aver- 
aged 204 rupees per day, and an average 
of 10.4 trains per day ran over every mile 
open, and the average cost accordingly 
was 196 rupees a train-mile. This, how- 
ever, is merely an average, and does not 
give the cost of carriage in any particular 
case. The cost varies with the gauge of 
the railway, the gradients, tie size of the 
engines, the amount of traffic, and the 
speed traveled. Railway working ex- 
penses may be divided into material and 
time charges, and the former vary after a 
certain point of speed, as the speed, and 
the latter vary inversely as the speed; | 
and these charges approximate to an 








” 


equality when the railway is working 
most economically. The decrease in cost 
per train-mile as the number of trains in- 
creases is large at first, but appears to 
approach a limit with twenty trains per 
duy. The economy also effected by in- 
creasing the length of the trains is lim- 
ited to about thirty vehicles, in the case 
of a given engine drawing a train up an 
incline of 1 in 300, at twenty miles an 
hour. There appears to be no advantage 
in increasing the load of a train, as long 
as there is room on the line for twenty 
trains per day, but beyond this point the 
weight of the train may be advantage- 
ously increased. If, however, this cannot 
be done for constructive reasons, the line 
may be doubled; but the saving with 
forty trains, in place of twenty, is small 
compared with the extension of traffic. 
The speed, however, on a double line is 
about double that on a single line. A 
speed of 29 miles an hour gives the great- 
est train and line capacity under the 
specified conditions. Steep gradients 
limit the capacity of goods trains, for 
their weight should not exceed what the 
engine can draw up the steepest incline 
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at 10 miles an hour. The stations have 
also to be increased, and the through 
speed is reduced where the gradients are 
long and steep. The dividend depends 
on the number of units of traffic evried 
at a profit as compared with the capital 
cost, and is necessarily greatest for a 
given unit of profit when the railway is 
fully utilized, though the capital cost is 
somewhat increased in proportion to the 
increased traffic. The cost of the sleep- 
ers and ballast, the rails, the rolling- 
stock. and the staions being each repre- 
sented by 1; the cost of the works up to 
formation-level may amount to a sum 
represented by from 1 to 4, according to 
the country traversed. The cost of the 
latter works is not much affected by the 
gauge, whereas the former groups would 
need an increase of 50 per cent. for broad 
gauge, in place of narrow. A large ca- 
pacity for traffic, though not materially 
reducing the working expenses when it 
reaches twenty trains per day for a sin- 
gle line, by increasing the units of profit, 
increases the interest on the capital. 
The suitable rates for freight, as gathered 
from the tables representing the working 
expenses per train-mile, and interest on 
capital at 4 per cent, are as follows: 


Srnete LIne. 


Easy country: 6.6 trains daily. 
Rupees. 
bo a 





RR a ae eae er eee 0.700 
MS iocanuuccn cane ee exeesaatekae 3.040 
Heavy country: 6.6 trains daily. 

Rupees. 
Lo | 2 340 
sis en Sites <Scrrks waancareceeienipers 1.370 
: Ee a reer 3.710 
Easy country: 20 trains daily. 
Rupees. 
i ner 1.810 
ee ew caw S¥ eu 0 330 
AN a RGarka: pa sake onenenaae 2.140 
Heavy country: 20 trains daily. 
Rupees. 
bo a 1.810 
ES ee eeenreer a ... 0.550 
De baad an eens obs aavwanecls 2 360 








Dovs.e LINE. 
Easy country: 80 trains daily. 
Rupees. 


i ee 1.520 
Phi useniatak cnadeeapeedosns 0.135 
wis ce eer enpelesionpeneanin 1 655 


Heavy country: 80 trains daily. 
Rupees. 


WUCUONE CEDONIOR. o.oo c.ascrccdncecvaes 1.520 
DCS iwasgen baGes cen. Kerr cseckas 0.196 
Pris tky eka eek e wameeneentan 1.716 


Comparing a broad and a narrow- 
gauge railway somewhat similarly situ- 
ated, such as the Great Indian Peninsula 
and the Rajputana-Ma!wa Railways, with 
gauges of 54 feet and 3} feet respectively, 
it appears that the working expenses per 
mile open and per train-mile are less for 
the narrow gauge; but measured by the 
ton mile, the standard unit of freight, 
this unit on the narrow gauge costs more, 
owing to the smaller capacity per train, 
whilst certain of the charges for working 
trains are approximately constant, what- 
ever their size. The relative economy of 
narrow and broad-gauge railways depends 
on a balance between the cost of working 
expenses and interest on the capital ex- 
penditure. It appears that it is cheaper 
to adopt a 54-feet gauge for four trains a 
day, than a 3}-feet gauge with eight 
trains, when the difference in capital cost 
does not exceed £1,500 per mile; where- 
as, with a traffic sufficient for only two 
broad-gauge trains, a narrow gauge would 
be cheaper, unless the difference in capi- 
tal cost was only £250. The broad gauge 
is best suited for a heavy country. A 
comparison of a double line of 3}-feet 
gauge, with a single line of 54 feet, gives 
the following results : 

Working 
Interest Ex- Total 
per penses per 
Capital Capac- Train- per Train- 
Cost. ity. mie Train- mile. 
at4 per mile. 
cent. 


£, Trns. Rup. Rup. Rup. 


Easy country. 


Double line 3}-feet 


eee 9,798 80 0.1385 1.16 1.295 
Single line 5$-feet 
ST rrr 6,000 20 0.330 1.81 2.140 


As the carrying capacity of the broad- 
gauge-train is double that of the other, 
'the freight charge per ton-mile is in the 
lratio of 1.07 to 1.295, or 21 per cent. 


| more on the narrow than on the broad 
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gauge, in spite of the gross carrying ca-|found by referring the stream gauge readings 
pacity of the narrow being double that of | 0,the “curve of flow. 


: : The great fluctuation in the flow of the 
the broad. Comparing now double lines streams, caused by the great number of mills 


of both gauges with equal traffic, the re- }on them, necessitated a great many observa- 
sults are: |tions at the weirs to get a correct gauging. 
Work- Total| This difficulty was overcome by the use of 


Super. Gee seo ing mm. 8 jautomatic gauges. They were run by clock- 
" “Cost. (equal,) mile. penses. mite. work, and drew a line on a roll of paper, cor- 

£. Trains. Rup. Rup. Rup. | responding to the rise and fall of the stream. 

wai ii pal . 4 pon | / WO descriptions of gauges were used. One 
3;-feet gauge. 9,798 80 0.135 1.16 1.295| was designed chiefly by Mr. Stierle, of the 
5$-feet gauge. 10,580 40 0.292 1.70 1.992) U. §, Engrs. Office, Philadelphia. The mini- 
Heavy Country. | mum flows were found to be so small that the 
3}-feet gauge. 14,298 80 0.196 1.16 1.356| larger flows had to be determined. These had 
5$-feet gauge. 15,500 40 0.462 1.70 2.162) to be found by other methods, for the weirs 


E rags | would only carry, at the most, two feet in 
The ratio per ton mile is as 1.295 to| depth, while the water in the streams some- 
0.996, or as 1.30 to 1 in the first case ;| times raised as high as sixteen feet. The 
and as 1.356 to 1.081, or as 1.25 to 1 in| measurements of the large flows were made 
in cone on ll f mostly by the use of electric current meters. 
. ase, showing an €xceSS O!| The ‘measurements had to be made from 

of cost with the 3}-feet gauge line of 30) bridges, and where none existed, in proper 
per cent. where the country is easy, and 


places, small suspension bridges were put up. 

ne E ner . R . One was built over the Perkiomen, at Freder- 
and of 25 per cent. in heavy country. ick, of 120 feet span, and one over the Nes- 
haminy, at Rush Valley, of 133 span. By 
means of the meter, the velocity of the water 
| was taken at a great number of places in aline 
Ek NGINEERS’ CiuB oF PuitapeLpnta.—Ree- across the stream, and a close estimate of the 
_, ordof Regular Meeting, April 17th, 1886. | velocity of the whole cross section deter- 
—Mr. H. W. Sanborn made some remarks on| mined. Stream gauges were placed near the 
Recent Stream Gauging for the Future Water | meter stations, to be read when measurements 


Supply of Philadelphia, describing the methods | were made, answering the same purpose as 
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used, and why they were adopted, illustrated | 
by numerous drawings and photographs, and | 
the automatic recording gauge. The streams | 
gauged were the Perkiomen Creek and tribu- 
taries in Montgomery County, the Neshaminy 
and tributaries and the Tohickon in Bucks | 
County. The original intention was to gauge 
the minimum flow only, and for that purpose | 
weirs were constructed on eight different 
streams. They were very substantially built, | 
as they had to withstand the run of ice in the 
spring of the year. Heavy bed logs were 
placed at the level of the bed of the stream, 
and the superstructure built on that. They 
were made water-tight either by sheeting placed 
below the bed-log, to rock bottom, or a cement 
mortar wall. The crests of the weirs were 
generally about two feet above the beds of the 
streams, and were made of two-inch oak plank. | 
Gauge boards were placed about five feet above 
and below the weirs, and connected, by levels, 
with the same. The one above indicated the 
depth of water on the crest. The one below 
was used only in case the weir was submerged 
by high water. The weirs varied in length 
from fifteen to seventy feet, according to the 
width of the stream. The formula used for 
calculating the flow over the weir was the one 
by Fteley & Stearns, of the American Society 
of Civil Engineers. Stream gauge stations 
were established near the weirs. Readings 
were taken there at the same time that they 
were at the weirs. When a sufficient number 
of readings, at various heights, were made, a} 
‘*curve of flow” was plotted by a comparison 
of the two. Then, when the crests of the 
weirs were removed for the winter, the flow was 





those connected with the weirs. 

In some cases, large flows were measured by 
getting the velocity of the stream, by means of 
pole floats. When used, care was taken to 
have the length of them as near the depth of 
the water as possible, and they were run at as 
many stations across the stream, as was neces- 
sitated by the changes in the even flow of the 
stream. The rise and fall of the water during 
freshets was so sudden, and the stations, eleven 
in number, were so scattered—the water-sheds 
covering five hundred square miles—that it was 
impossible to get to, and make measurements 
of, more than one or two streams during a 
freshet. Then, many times, the freshets would 
come in the night, and nothing could be done 
but the taking of continuous readings of the 
stream gauges. 

To overcome these difficulties with our small 
force, and get at least fair measurements of all 
the streams at the high point of a freshet, 
‘‘maximum stream gauges” were set up on 
most of the streams. <A place was chosen 
where the bed of the stream was uniform in 
width and slope, and two similar gauges set up. 
They were usually from two hundred to five 
hundred feet apart. They were made in the 
form of a box from eight to twelve feet long, 
and six inches square inside. One side opened 
as a door. They were placed on end and 
shielded and supported by heavy timbers im- 
bedded in the soil or bolted to the rock bottom, 
Vertically though the center of the box ran a 
brass rod, which was graduated. A metallic 
float ran on the rod in such a manner that it’ 
would rise with the water, but would remain 
fixed on the rod, at the highest point the water 
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reached, after it had fallen. The two gauges 
were connected by levels, and from the gauge 
readings the slope of the water was deter- 
mined. From this the velocity of the stream 
was found by the Kutter formula. The daily 
flows of all the streams have been tabulated, 
from the con.mencement of the gauging in 
July. 1883, to January Ist, 1886, and the field 
is still being continued. The daily flows have 
also been shown graphically on sheets, with 
the rainfall on the water shed and the tempera- 
ture annexed. The connection between the 
three is well shown. Rain-gauge stations were 
established over all the water sheds, and the 
data obtained from them, combined with that 
from previously exis ing gauges, which was 
kindly furnished us by the observers, have 
also been plotted graphically, showing plainly 
the variations of the rainfall over large areas. 
Three automatic rain-gauges were used to show 
the intensity of the storms. 

Mr. E. V. d’Invilliers spoke upon the geo- 
logical position, characteristic features and 
method of mining the ore at the Cornwall Iron 
Mines, Lebanon Co., Pa., illustrating his re- 
marks with several maps and cross-s¢ctions, 
and a relief model of the mines and contiguous 
territory, constructed by Mr. A. E. Leliman. 

Mr. A. E. Lehman then exhibited, and des- 
cribed the method of construction of, the 
Model of the above mine. It is built entirely 
of layers of cardboard, the perpendicular edges 
of which are brought to slope by engraving 
tools. It was so constructed that the accurate 
location of the contour lines was preserved, 
and they were drawn in ink on the finished 
surface, adding greatly to its practical value 
and intelligibility. Property lines, railroads 
and other topographical features and areas are 
shown in ink and color. The whole work is 
one of remarkable neatness. 

Record of Business Meeting, May 1st, 1886. 
—Mr. Frederic Graff presented Notes Upon 
the Early History of the Employment of Water 
Power for Supplying the City with Water, and 
the Building and Rebuilding of the Dam at 
Fairmount. 

The following paragraphs occur: The earliest 


the subject; and their desire of accomplishing 
it more and more excited by the success of the 
improvement of the Schuylkill, by dams and 
locks, which suggested the practicability of 
erecting a dam and water works near Fair- 
mount.” 

At that time there was but little experience 
in building dams, except upon very smail mill 
streams. The Committee asked for plans and 
estimates for a dam and the necessary lock, 
and such were submitted by Mr. Thomas 
Oakes, Messrs. Lehman and Briggs, Mr. Lewis 
Wernwag, who had built the bridge at Fair- 
mount, Mr. Frederick Graff, the engineer of 
the works, and Mr. Ariel Cooley. 

I herewith call your attention to a drawing 
copied from the originals, formerly in the office 
of the Water Department, combined on one 
sheet, of the sections and plans for the dam, as 
proposed by all the above named, except Mr. 
Wernwag. No material for his plan could be 
found at the date when the drawing was made, 

All the plans, except that of Mr. Cooley, were 
upon the arched form, the chord line varying 
from 720 feet—that of Mr. Wernwag—to 1,000 
feet—that of Messrs. Briggs and Lehman. 

The plan proposed by Mr. Graff was for sub- 
stantial framed wooden cribs, sunk through 
the mud in the deep water to the rock bottom, 
sheet piled at the back, and reinforced by rip- 
rap of stone in front and stone and earth at the 
back. 

Mr. Wernwag’s was somewhat similar, but 
without the sheet-pile, or rip-rap in front. 
| Mr. Oakes dam was to be formed by a 
| planked box or open coffer dam from about 

low tide to the bottom of the river. This was 
intended to have been about 12 feet wide up 
|!and down stream, and in deep water would 
have been about 30 feet deep—filled with what 
was termed ‘shingle grouting.” Upon this 
was to have been built a framed timber dam, 
extending about 35 feet up stream, filled with 
| stone, and decked with plank on up and down 
| stream faces, the whole rip-rapped with stone 
| back and front. 

| Messrs. Brigg’s and Lehman’s plan was for a 
| pile of earth and stone from low tide to the 


| 








official publication referring to the use of water | bottom of the river, about 30 feet deep; upon 
power for the supply of Philadelphia with this was to have been built a framed timber 
water, is contained in a report made by Messrs. | dam, with a triangular section, and base of 





John Davis and Frederick Graff, Dec. 18th, 
1811, in pursuance of a resolution passed by 
Councils, Oct. 24th, 1811. 
upon the bad condition and inadequacy of the 
steam works then in use, at Chestnut street, on 
the Schuylkill, ard at Centre Square, they con- 
sidered the propriety of building new steam 
works on the Schuylkill at the Upper Ferry 
Bridge, and thereby supplying water to a reser- 
voir to be built on ‘ Morris’ Hill,” now Fair- 
mount. 

February 5th, 1819, the ‘‘ Watering Commit- 
tee” made a report, in which the following 
words occur : ** The constant and great expense 
attending steam engines, and the vexation oc- 
casioned by repeated accidents, have always 
been present to the Watering Committee, who 
have ever thought water power should be re- 
sorted to, if practicable. ‘The present Commit- 


tee have been fully alive to the importance of 


After reporting | 


| about 45 feet, filled with stone and decked back 
| and front. 
All these would have to be sunk through 
about 11 feet of mud in the deepest part of the 
| river to solid rock, 
| Mr. Wernwag’s plan contemplated puttin 
| the canal upon the east side of the river, an 
|an extension of the present forebay of the 
| works, which would, of course, have been 
| very objectionable and detrimental to the purity 
| of the water supply, on account of the traffic 
carried on through the forebay, to reach the 
canal. 
After some negotiation, a contract was made 
with Mr. Cooley for the erection of the dam, 
locks for the navigation, and the forebay with 
its head arches fur the supply of the wheels 
and pamps of the water works, for the sum of 
| one hundred and fifty thousand dollars. His 
| plan, upon which the dam was built, was as 
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follows: The dam was all upon the rock, ex- 
tending diagonally up stream, the overfall was 
1.204 feet long, with a mound dam, on the east 
end, of 270 fect ; it was made of cribs of round 
hemlock timber, sunk in the deep water which 
extended about four hundred and fifty feet in 
length, to the depth of 31 feet from the comb 
of the dam; in the deep water the cribs were 
40 to 50 feet long up stream, and about 17 feet 
wide; in the shallow water and where they 
were on rock, dry at low tide, they were from 
20 to 25 feet long up stream; they were filled 
with stone and planked on the up stream ends 
and top with three inch hemlock joists; the 
whole was backed and covered over the top 
surface of the dam with stone, rubble and 
gravel. 

Mr. Cooley’s first soundings were made on 
February 21st, 1819; the building of the dam 
was commenced April 19th, 1819; the last 
crib was sunk June 25th, 1821. 

The water flowed over it for the first time 
July 23d, 1821. Tie use of the steam engines 
was discontinued and the whole supply pumped 
by the water wheels October 25th, 1822. This 
dam, which was very imperfectly built, mostly 
of small sized round hemlock logs, put to- 
gether with two inch wooden treenails, became 
so much decayed as to be declared unsafe ; and 
on the 2d of May, 1842, the work of its entire 
reconstruction, above low water mark, was 
commenced by day’s work under a general 
superintendent and a wharf builder, Frederick 
Graff, Senior, being at the time the Chicf En- 
gineer of the Water Department. The old 
dam was entirely removed from low tide up, 
the timbers being so much decayed that they 
were only held in place by the stone filling. 
The old cribs below low tide having been con- 
stantly submerged, were sound, and therefore 
were allowed to remain, after being decked over 
with heavy white oak logs; upon this the new 
dam was constructed. 

The?whole of the new structure is of white 
pine, framed and bolted together with wrought 
iron spikes; after being carefully packed 
with stone, a deck of white oak was put upon 


it. 

In 1871 efforts were made to obtain appro- 
priations for building a stone dam, instead of 
that built of timber in 1872; but the sum esti- 


mated to do this was considered too high, and | 


for that and other reasons the project was 
abandoned. 





—_ > 
ENGINEERING NOTES. 


RAINING MACHINERY IN THE VALLEY OF 
D THE Po.—The Valley of the Po, the 
most extensively and most admirably irrigated 
district in the world, is not less remarkable for 
the importance and the excellence of the drain- 
age works executed in recent years. In less 
than 30 years, from 1850 to 187), upwards of 
600,000 acres of marshy land in the provinces 
of Venetia and Emilia alone, have been drained 
and transformed into rich country. The long 
lines of chimneys bordering the Canal Bianco 
belonging to steam elevating-machinery, re- 
mind one of a Lancashire district. The ques- 
tion’of drainage has from all time occupied the 


attention of the population of these Adriatic 
districts ; but, in consequence of the difficulty 
and more often the impossibility of drainage by 
natural flow, it is only since the advent of 
steam that the work of drainage has been 
thoroughly performed. if 

Drainage by machinery in the valley of the 
Po is almost entirely carried out on one uni- 
form plan. The ground to be drained is 
fenced round by catch-water trenches or canals. 
Occasionally, when necessary to prevent infil- 
tration, the bottom of the canal is deeply 
trenched and filled with clay. Within the cir- 
cumscribed territory a system of drains is cut, 
in which the water is conducted to the lowest 
level at a point conveniently selected, where 
the elevator is erected. By the elevator the 
water is lifted into a canal or a river, in which 
it is carried off by gravitation. The elevators 
have to deal with variable volumes of water at 
variable heights; but, in general, the greater 
the height, the less the quantity to be lifted. so 
that the work to be done is in some sort con- 
stant. The heights vary generally in the ratio 
of 1 to 3. 

Three systems of machines exclusively are 
employed as elevators: centrifugal pumps, tur- 
Vines (rouetx), and lifting-wheels (rouwes ele- 
vatoires). All of these machines are moved by 
steam-power, and they are the most econom- 
ical. Piston-pumps employed to raise large 
quantities of water through small heights have 
shown not more than 35 per cent of efficiency. 
Centrifugal pumps are of great variety of form, 
differing principally in the shape of the blades. 
The turbine is only a centrifugal pump ona 
vertical axis, of which the pipes are replaced 
by the sides of a well. It consists essentially 
of a circular crown-plate on a vertical shaft, on 
the under-side of which the blades of a centri- 
fugal pump are fixed. In some instances, the 
blades, instead of being free at their lower 
parts, are fixed to a circular plate having : 
central opening equal to that left by the crown 
plate. The wheel is placed low enough to be 
submerged at all levels of the water. It is 
driven by toothed gearing or by bands. The 
difference between the turbine (7owet) and the 
centrifugal pump, is that the passages for water 
are much larger in the first than in the second. 
Consequently the velocity of the water is less 
an occasions less friction, whilst the water 
escapes more freely. For small quantities of 
water, the pumps are more economical than 
the turbines, as the cost of construction of 
wells is saved. The turbines adapt themselves 
to great variation of level, whilst maintaining 


‘a high ratio of efficiency—about 75 per cent. 


Speed is, according to one system, altered by 
means of changes of toothed-wheel gearing to 
suit the various levels. According to another 
system, the speed is maintained constant for 
different levels, but the efficiency may fall as 
low as 60 per cent. 

For this reason, in the Po valley centrifugal 
pumps and turbines are being gradually re- 
placed by lifting-wheels. These wheels are 
arranged like undershot water-wheels, but with 
the reverse action that the water is raised by 
the wheel. Origivally, the blades or floats were 
straight and radial, and the wheels were of low 
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efficicncy—about 30 per cent. They dashed 
the water about as each blade entered it; 
whence their Italian name of ruote a schiagfo 
(literally, slapping wheels). The blades are 
now inclined at about 0° to the radius, and 
are formed with a double curvature, so that the 
water is lifted without agitation or useless ele- 
vation; and by means of a sliding iron shutter 
the opening for access of water to the wheel is 
formed at the lower part only. The efficiency 
is increased as the difference of levels is in- 
creased, and it averages 80 per cent. The 
wheels manufactured by Mr. Zangilorami are 
constructed entirely of iron, and some of them 
are made as much as 39 feet in diameter. The 
side walls are exactly dressed with a clearance 
off the wheels at most of one centimetre, or 
4; inch. The minimum immersion is 20 inches 
for a wheel of 25 feet. The circumferential 
velocity is constant—about 57 inches per sec- 
ond —Abstract of Institution of Civil Engineers. 


ryNue Deerest Bors-Hoie 1x tHE Worip.— 

The deepest bore-hole in the world is at 
Schladebach, near Kétschau station, on the 
railway between Corbetha and Leipzig, and has 
been undertaken by the Prussian Government 
in search for coal. The apparatus used is a 
diamond drill, down the holiow shaft of which 
water is forced, rising again to the surface out- 
side the shaft of the drill, and inside the tube 
in which the drill works. By this method cores 
of about 50 feet in length have been obtained. 
The average length bored in 24 hours is from 
20 to 33 feet, but under favorable circumstances 
as much as 180 feet has been bored in that 
time. 

Derrus oF Various BorE-HOLES. 


Name of Place. Depth in Feet. 


Domnitz, near Wettin.......... 3,287 
Probat-Jesar, Mecklenburg. .... 3,957 
Sperenberg, near Zossen........ 4,173 
Unseburg wa a 4,242 
Lieth- Elmshorn, Holstein....... 4,390 
okey cskeu css sae 4,515 


The dimensions of the bore-hole at Schlade- 
bach are as follows 


Total depth. Depth. Diameter. 

Feet. Feet. Inches. 
189.6 189.6 11.0 
605.7 416.1 9.0 
661.8 56.1 7.3 
1906.5 1244.7 4.7 
2259.8 353.3 3.6 
3543.4 1283.6 2.8 
4069.9 526.5 1.97 
4514.6 444.7 1.88 


The various strata passed through are as fol- 
lows : 


Feet 
Soil and sand, about............ 16 
aa Scaweawens : a 
Sandstone (Bunter). ree one. a 
Mixers a4 sae owienane vines! ae 
rr pee Pree — 
Magnesian limestone (Zechstein). 144 
I Sana did wane needa 0 Cam 35 
MONE. «5 650 snncesensnnces 295 
Marl-slate (Kupfersheifer)....... 3 
Sandstone (Rothliegendes)...... 3,435 


The bore-hole, which in January, 1885, had 
reached a depth of 4,560 feet, was commenced 
in June, 1880, but left after a year’s work, re- 
commenced at the end of 1882, and is still pro- 
gressing. The cost up to January, 1885, was 
about £5,000.—Adstracts of Institution of Civil 
Engineers. 

— —— eme 


IRON AND STEEL NOTES. 


‘Tue annual statistical report of the American 
] Tron and Steel Association has just been 
published in pamphlet form by the Association, 
231 South Fourth Street, Philadelphia. It con- 
tains complete statistics of the American iron 
trade for 1885 and previous years, and a brief 
review of the present con lition of the iron in- 
dustry in foreign countries. The following 
table shows the production of iron and steel in 
the United States for the years 1884 and 1885: 








Net tons. 
(Except nails.) 
Products. 


Increase or 








1884. 1885 

3 6 ee 4,589,613 4,529,859 | —1 
All kinds of rolled 

iron, except rails.|1,931,747 1,789,711 | — 7 
Bessemer steel rails|1,116,621 1,074,607 | — 4 
Open-hearth steel 
i oe ee 2,670 4,793 | +80 
fe Se 25,56 0| 14,815 | —42 


|Kegs of iron and 
| steel cut nails.... |7,581,379 \6,096,815 = 
| Crucible steel ingots 59,662 64,511) + 8 


ROR aise ass 131,617 | 149,381 


| | +13 
Bessemer steel in- 
| RE eee /1,540,595 1, 701,762 | +10 


|Blooms from ore, | 
| pig iron and scrap) 57,005 | 41,700 | —27 
es _ | es ° 

| ———eapoe— 
| 
| 
| 
| 
| 


RAILWAY NOTES. 


” I" is understood that the Metropolitan Rail- 
way Company is the latest English line 

| which has determined to adopt the steel sleeper, 
|and that Messrs. Bolckow, Vaughan & Co., and 
| a Welsh firm, are the concerns who have shared 
| the first order for that line. It is gratifying that 
| native steel-masters can now offer metal sleepers 
| at prices more favorable than those of the Ger- 
;}man and Belgian makers, and of a superior 

| quality.” 

AILWAY intercommunication between the 

R Australian colonies is rapidly extending. 
| It is expected that the South Australian portion 
of the International Railway will be completed 
about the end of April. Two new engines for 
the new line have arrived from Messrs. Dubs & 
Co., Glasgow. They are very powerful engines 
specially suited forhill traffic. The four sle ep- 
ing cars were, at date of recent mail, expected 








to arrive shortly from America. They are de 
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scribed as large, handsome carriages, with 
every accommodation for travelers overland to 
and from Victoria. 


IGH-SPEEP Enaines.—At the meeting of the 
Society of Engineers held on April 5, a 

paper was read on ‘‘ Obscure Effects of Recip- 
rocation in High-speed Engines,” by Mr. Arthur 


Rigg, past president The author referred to | 


the mathematical investigations of Mr. Charles 
T. Porter, as being the first to show how the 
reciprocating motion in a high-speed engine 
could be used to equalize pressure and conduce 
to smooth running; and to the engine, based 
on that principle, which excited great interest 
in the London exhibition of 1862. The text 
books of which the knowledge was assumed 
were Mr. C. T. Porter’s book on the indicator, 
and the author’s ‘Practical Treatise on the 
Steam Engine.” The field of improvement 
opened out by Mr. Porter had not, however, 
been cultivated as might have been expected, 
and the majority of high speed engines were 
either so only in name, or if run at really high 
speeds were practically hammering themselves 
to pieces. In small engines these dynamical 
effects were insignificant, except at extremely 
high speeds, but in larger engines their impor- 
tance rapidly increased. No true engineer 
ought to be content without discovering why 
one engine ran smoothly and another uneasily, 
or why an engine that ran well at ordinary 
speeds behaved badly at high speeds. Since 
1872 the author has had exceptional opportuni- 
ties of investigating those important questions, 
and gave in his paper some of the results he had 
arrived at. The two classes of engines investi- 
ated were the Porter-Allen engine and some 
esigned by himself. In each case all the 
weights of the reciprocating parts were known, 
and the effects of their movements were gra- 
phically shown in diagrams, and the work of 
constructing those graphical diagrams was sim- 
ply explained. A table of useful constants was 
given, and also another table summarizing the 
data and exhibiting in numerals the ratios and 
results. The table showed distinctly the great 
divergence in results in different engines, and 
from it and the graphical diagrams could be 
clearly seen the errors in design to be avoided 
Engineers understood pretty well the necessity 
of having enough initial pressure, but sufficient 
attention had not been given to the heavy strains 
at the end of the stroke, arising from the mo- 
mentum of the reciprocating parts Of the 
forces that could arrest those strains one only, 
that of a cushion of exhaust steam, could do so 


without injury. The proper changes were ex- | 


plained and the effects they would produce were 
deduced on the same principles as before, and 
compared with the effects of the original de- 
signs. It was thus shown how such engines 
could be made to run at high speeds with ease 
and security, and engineers were urged to apply 
the new diagrams to the engines in their charge, 
and to ascertain what changes were required, 
so that the working days of the engine might 
be passed in quietude, its life prolonged, and 
their own anxieties in no small measure dimin- 
ished. ‘The paper was amply illustrated by 
diagrams, and in the discussion which followed 


| the challenge thrown out by Mr. Rigg to the 
{makers of the modern class of high-speed en- 
| gines was by no means responded to in the man- 
ner that had been anticipated. The represen- 
tatives of such engines, who, the president ob- 
served, had been invited to hear the paper read 
and to take part-in the discussion, were con- 
spicuous by their absence or their silence. 


New Apine TunNet anp Rattway.— 
l There are at present half a dozen or 
more projects for crossing the various chains of 
the Alps under consideration or proposed. Be- 
sides the several purely Swiss undertakings, the 
much-discussed Mont Blanc project, the pro- 
posals of Baron von Vautheleret for construct- 
ing a railway over the Great St. Bernhard, and 
the plan of Colonel de Bange, there are a num- 
ber of different projects for tunnelling through 
the Simplon, by Herr Jean Meyer. Amongst 
the various proposals for tunnelling through the 
Simplon may also be mentioned that the plan 
of the Société Cécil, Paris. Iustead of a long 
tunnel (19,900 metres, or 124 miles) at the foot 
of the Simplon, the company would construct 
a tunnel only 4,800 metres (3 miles) long, near 
the summit, at the clevation of 1,700 metres 
(5,576 feet). The approaches on both sides of 
the tunnel would in that case have an ascent of 
1 in 10, and this rise would have to be overcome 
by means ofa rack railway. The latest scheme 
for an Alpine railway is that by Herr Roman 
Abt, of Biinzen (canton of Aargau), who comes 
forward with an undertaking presenting novel 
features, and which is likely to attract consider- 
able attention. Herr Abt proposes to connec 
Brieg, the terminus of the Simplon Railway, 
with Airolo, and thus provide the St. Gotthard 
Railway, instead of a competitor, with a new 
feeder. He does not intend to go with his rail- 
way beyond the Swiss frontier; on the con- 
trary, he supplies railway communication be- 
tween Upper Valais and the Val Bedretto, gives 
Switzerland an important strategical line, and 
all this he undertakes to effect at a cost much 
below any of the other schemes mentioned 
above. Herr Abt has described and illustrated 
his project in a pamphlet, which he has sub- 
mitted to the Swiss federal council, and from 
which we learn that his railway will branch off 
at the station of Brieg, at a height of 679.5 
metres (2,229 feet) above sea-level, and follow 
for 35 kilometres (22 miles) the course of the 
Rhone as far as Obergestelen. The ascent of 
the rise at Grengiols is to be by means of a rack 
railway 5 kilometres (8 miles) long, having an 
ascent of 45 per 1,000. The remainder of the 
line up the Rh6ne valley is by an ordinary rail- 
way, with a maximum rise of 25 per 1,000. 
The Rhone is crossed at Obergestelen, and the 
| ascent of the left slope, as well as the entry into 
| the Gerenthal, is effected by means of another 
| rack railway, 6 kilometres (3? miles) long, and 
| having a rise of €0 per 1,000. The Alpine tun- 
nel commences in the Gerenthal, at an elevation 
|of 1,715 metres (5,625 feet), and passes under 
the Kuhbodenhorn, the length of tunnel being 
| 6.3 kilometres (4 miles). The northern ascent 
|of the line through the tunnel is 1 per 1,000, 
the southern descent 15 per 1,(00. The moun- 
tains here consist of the best granite of the St. 
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Gotthard massif, so that Herr Abt assumes the 
usual tunnel lining may be dispensed with. 
From the southern tunnel entrance, 1,664 metres 
(5,361 feet) above sea-level, the railway passes 
along the left bank of the Ticino through the | 
Val Bedretto, and reaches Airolo station at an 
elevation of 1,144.8 metres (8,785 feet). This 
portion of the line comprises two bits of rack 
railway, of a total length of 7.65 kilometres (4? 
miles), and with a descent of 60 per 1,000. The 
intervening stretch (3 kilometres, or 2 miles) is 
ordinary railway, with a fall of 20 per 1,090. | 
The total !ength of the whole line is 61 kilo- 
metres (88 miles). The probable cost of the 
railway, which is to be a single line, is esti- | 
mated by Herr Abt at about 23,000,009 francs 
(£920,000). Amongst the various advantages | 
claimed for the new railway may be mentioned | 
that the Western Railway of Switzerland will | 
be brought into direct communication with | 
Italy, the line from St. Moriz to Brieg, a cul de | 
sac, being turned into an important national | 
highway. The Rhone valley and Upper Valais 
will be opened up, and, what is of equal value, | 
a useful feeder will be supplied for the St. Gott- | 
hard Railway, whilst the solution of the Sim-| 
pion problem will be in no wise prejudiced, on | 
the contrary, brought nearer its consummation. 
Finally, Switzerland will gain politically, for a 
railway of the utmost strategical value to her 
will be supplied, by means of which it would 
be possible to transport an army of 2),000 men 
from Lausanne to Airolo in twenty-four hours. 
The fortifications contemplated on the southern 
slopes of the St. Gotthard would gain additional 
importance, as they would be considerably 
strengthened by the new line. 

N THE PrinxorpaL Mernops ADOPTED FOR 

INSURING THE SAFETY OF TRAINS UPON 

Irattan Rattways.—The traffic upon the Italian 
lines is not sufficient to require the adoption of 
the block system. 

Trains following one another upon the same 
dine of rails.—As a general rule a ten-minute in- 
terval is allowed between the departure of the 
trains. If the spe d o° the second train is 
greater than that of the f *st, this interval is in- 
creased to fifteen or twenty minutes A slow 
train must wait in a siding for a quick train to 
pass it unless it can reach another passing sta- 
tion at least fifteen minutes before the quick 
train is due there. On some lines, however, a 
luggage train is allowed to follow a passenger 
train at an interval of five minutes; on other 
lines the ten minutes interval applies to all trains. 
Trains, after leaving the station, are protected 
by signals for the prescribedtimes. Upon gra- 
dients of 25 per thousand or more no train is 
allowed to leave a station till informed by tele- 
graph of the arrival of the preceding train at 
the next station. That these regulations are 
sufficient for insuring safety may be seen from 
the fact that during the ten years 1873-82, there 
were on the Upper Italian Railways (which 
have the heaviest traffic in the kingdom) only 
three collisions between following trains, all of 
which were caused by negligence. This cor- 
responds to one collision per 55,090,000 train- 
kilometres. The average number of trains per 


day in the same direction upon this system is 
fifteen, and the maximum thirty-five. 
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NOTES. 





Trains running in opposite directions upon a 
single line-—As a general rule these trains are 
run according to the time-tables without any 
special precautions. Notice of the departure 
of a train is telegraphed to the next station. If 


|a train is more than a quater of an hour late 


the fact is notified to all stations up to that at 
which it ought to have arrived. When a train 
is so late as to render necessary an alteration in 
the arrangements for passing another train tra- 
veling in the opposite direction, the alteration, 
after being determined, is telegraphed to the 
other stations affected by it, and acknowledged 
by them, and the station-master at cach place 
is bound to sign a register kept for the purpose, 
in which the alteration is noted. The engine- 
drivers and guards of the trains receive and 
sign written orders in respect of the alteration. 
This being the system in use, the station sig- 
nals, except when the tratlic is heavy, stand, as 
a rule, at ‘‘line clear.” The system has the 
defect that it depends for its working entirely 
upon the attention of the railway servants. On 
some lines electric-bell signals have been 
adopted, and a description of several ways of 
working them is given in the paper. 

The Westinghouse and Smith-Hardy continu- 
ous brakes have been adopted to a small extent 
during the last five years, but no decision has 
yet been come to as to their respective merits. 

Special precautions are taken to prevent acci- 
|dents in tunnels: when these are short their 
| two ends are protected by signalmen, and when 

long they are divided into lengths by signal- 
boxes inside the tunnels. 

Bell signals are used at level crossings where 
| there is much traffic. There is a law that the 
| gates are always to be closed five minutes be- 

fore the arrival of a train, and when the gate- 
| keeper has nothing but the time-table to guide 

him, if a train is late the gate has to be closed 
|from five minutes before it is due till it has 
| actually passed. This, of course, is a great an- 
| noyance to persons traveling on the road. To 
| obviate this inconvenience two bells are placed 
|in the gatehouse, one for up and one for down 
|trains. These bells are in electric communica- 
tion with the nearest stations, or signal-boxes, 
| and warn the keeper of the approach of a train 
in either direction. Disk signals are placed 500 
metres from the crossing in both directions and 
are set against the trains while the gate is 
open. 

For the protection of trains upon steep gra- 
dients, a simple electric system has lately been 
introduced on lines with little traffic. A con- 
tinuous current is established between two sta- 
tions, and current-breakers are placed in each 
of the guard-houses between the stations, by 
which the men can signal to the stations. In 
the event of a train or a part of one running 
away down the incline, a signal can be sent to 
that effect to the nearest station. Another sig- 
nal notifies that an accident has happened and 
that a breakdown engine is required. 

Swing-Bridges.—Guards are stationed at each 
end of an opening bridge, and it is the duty of 
a guard when a train approaches the bridge to 
get on the engine, and p.ss over with it. 

Stations.—Up to the last few years, even at 
‘the larger stations, very simple signals were 
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found sufficient, and these were independent of 
the points, but at many of the principal sta- 
tions the traffic has now ontgrown-the original 
arrangements and interlocking points and sig- 
nals are being introduced.—Adstracts of Insti- 
tute of Civil Hnginee:s. 


— me 


ORDNANCE AND NAVAL. 


ccorDING to Engineering, the steamships 
A Parthia and Batavia have been made 
much more economical by putting in triple ex- 
pansion engines. The Parthia formerly burned 
47 tons of coal a day of 24 hours in making 11 
knots. During 188)-6 the consumption was 25 
tons at the same speed. The Batavia gives still 
better results, reducing from 40 tons for 11 
knots to 21 toxs. 
Sx of our readers as are interested in artil- 
J) lery matters have probably noticed a par- 
agraph in the London 7%mes, stating that the 
new Krupp guns placed in the Dardanelles 
forts have signally failed, ‘‘ some bursting, kill- 
ing several gunners, and others being utterly 
unfit for their intended use as to range and 
precision.” We have made inquiry, and can- 
not find any substantial foundation for this re- 
port. Officers remaining in Constantinople on 
their way back from the Bucharest trials know 
nothing of it. It docs not appear likely that 
Krupp guns would suddenly be found to fail in 
three totally different respects, namely, in 
strength, range, and in accurate shooting. 
Probably some accident may have occurred 
which has given rise to this report, but the 
report in the above shape may be safely re- 
jected. 





N 28th inst. the steamship Talisman, which 
a has just been built by Messrs. Rk. & W. | 
Hawthorn, Leslie & Co., Hepburn, to the order | 
of the Ocean Steamship Co., and engined by | 
Messrs. Robert Stephenson & Co., Rewcastle, | 
had a very successful trial on the measured 
mile at Hartley. The dimensions of the vessel 
are as follows: Length, +20 ft.; breadth, 36 ft.; | 
and depth, 27 ft. 9in. Her engines are of the | 
Holt’s tandem design, having cylinders 27 in. | 
and 68 in. diameter, with a stroke of 5 ft.. and | 
indicating 1265 horse-power. Steam of 80 Ibs. | 
pressure is supplied from one large double end- | 
ed steel boiler, of a total weight of 75 tons. and | 
this is fitted with Fox’s patent corrugated fur- | 
nices. A mean result of 12; knots was attained 
at full speed during several runs, and the en- 
gines worked most smoothly, and were easily 
handled. 
—— am 
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cator and the Error in Indicator Diagrams, by 
Osborne Reynolds, M.A., LL.D. 

Paper No. 2083, on Gas Producers, by Fred- 
erick John Rowan. 

Paper No. 2091, Removal of Shoals by Pro- 








peller-Sluicing on the Columbia River, by 
Harry Hawgood, Assoc. M. Inst. C. E. 

Paper No. 2139, the Injurious Effect of a 
Blue Heat on Steel and Iron, by ©. E. Stro- 
meyer, Assoc. M. Inst. C. E. 


woo oF Papers IN Foreign TRrans- 
i ACTIONS AND PERIODICALS 
Casscll’s National Library, vols. 1 to 15, 
edited by Professor Henry Morley, LL.D. 
. My Ten Years’ Imprisonment, by Silvio Pel- 
ico, 
Child Harold’s Pilgrimage, by Lord Byron. 
The Autobiography of Benjamin Franklin. 
The Complete Angler, by Isaac Walton. 
The Man of Feeling, by Henry Mackenzie. 
The School for Scandal, and The Rivals, by 
Richard Brinsley Sheridan. 
Sermons on the Card, and other Discourses, 
by Bishop Latimer. : 
Plutarch’s Lives of Alexander and Ceesar. 
Casile of Otranto, by Horace Walpole. 
Voyages and Travels, by Sir John Maunde- 
ville. 
She Stoops to Conquer, and The Good-Nat- 
ured Man, by Oliver Goldsmith. 

The Adventures of Baron Trenck, translated 
from the German, by Thomas Holcroft, Vol. I. 
The Adventures of Buron Trenck, Vol IL. 

The Lady of the Lake, by Sir Walter Scott, 
Bart. 
Luther’s Table Talk. 


Porutar History or Astroxomy Durine 
A THe Nixereentn Century. By AGNEs 
M. Crerxe. New York: Macmillan & Co. 
We venture to assert that all who feel tempt- 
ed by the title of this book to begin the perusal 
of it will find it difficult to lay it aside without 
finishing it 
The authoress says of her work: ‘‘ It embod- 


|} ies an attempt to enable the ordinary reader to 


follow with intelligent interest the course of 
modern astronomical inquiries, and to realize 
(so far as it can at present be realized) the full 
effect of the comprehensive change in the whole 
aspcet, purposes, and methods of celestial sci- 
ence, introduced by the momentous discovery 
of spectrum analysis.” 

It is certainly a valuable and an attractive 
addition to scientific literature. 


CoursE ON THE Stresses IN Bree AND 
i Roor Trusses, ArcnepD Riss anp Sus- 
PENSION Brivges. By Winiiam H, Bork, C. E. 
Third Edition. New York: John Wiley & 
Sons. 

The first edition of this excellent work was 
published in 1850. The present edition differs 
in afew points for reasons thus explained by 
the author: Since the publication of the first 
edition of this book, engineering practice in 
iron and stecl construction, especially in the 
department of bridge building, has made very 
material progress. ‘The distribution of metal 
in pier structures has been considerably modi- 
fied so as to produce concentrations in larger 
numbers ; but chiefly the treatment of moving 
loads has expericnced such a radical transfor- 
mation as to bring it to a thoroughly rational 
basis. Hence portions of the book as origi- 
nally written have been canceled, and replaced 
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MISCELLANEOUS. 


by entirely new matter so amplificd and ex- 
tended as to bring the work in all its details 
abreast of the best practice of the present day. 


TREATISE ON ELementary Sratics.—By 
Jounx Greaves, M.A. London: Mac- 
millan & Co. 

This treatise is based on the idea that the 
Laws of Motion form the only satisfac*ory basis 
on which the science of Statics can be built. 

The author deduces the parallelogram of 
forces from the Newtonian definition of force 
and the parallelogram of velocities, and thus 
obtains the necessary conditions of equilibrium 
for any material system by means of the third 
law, without assuming the transmissibility or 
supposing the system to become rigid. From 
these and certain geometrical considerations 
follow the sufficient conditions of equilibrium 
of a rigid body. 

The order of topics is as follows: Statics of a 
Single Particle. Statics of Systems of Parti- 
cles. Statics of Constrained Bodies, Centers 
of Mass. Friction. Virtual Work. Machines. 

An Appendix dealing with indefinitely small 
quantitivs has been added to enable the student | 
who is unacquainted with the calculus to follow | 
the methods employed in the chapters on Cen- 
ter of Mass, and Virtual Work. 
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MISCELLANEOUS. 


A’ a recent meeting of the Paris Academy 
of Sciences a paper was read on ‘* The 
Constitution of the Earth’s Ciust,” by M. Faye. | 
It is argued that the surface of the globe cools | 
more rapidly and to greater depth under the 
oceans than on the continents, because heat 
radiates more freely through liquid than | 
through solid bodies. And as this discrepancy 
has existed for millions of years, the crust of 
the earth must now be denser under the waters 
than under dry land. Hence, in the pendulum 
observations and other calculations made re- | 
lative to the figure of the globe, no account 
should be taken of the attraction of the con- 
tinental masses lying above sea-level, this 
excess of matter being compensated lower 
down by acorresponding diminution of density. 
In the same way no accountshould be taken of 
the feeble attraction of the oceans, because this 
also is compensated a little lower down by the , 
greater density of the solid crust under the | 
oceanic basins. The same conclusion is 
pointed at by the now completed triangulation 
of India, Col. Clarke remarking that it would | 
seem that these pendulum observations have 
established the fact—previously indicated by 
the astronomical observations of latitude in 
India—that there exists some unknown cuuse, 
or distribution of matter, which counteracts 
the attraction of the visible mountain masses. 
M eer lubricating oils are often adulter- 
ated by the addition of cheap oils. | 
The following tests by Herr P. Falke, pub- 
lished in the Journ of the Society of Chemical 
Industry, may serve for ascertaining their | 
purity :—(1) Color. The oil must be perfectly | 
clear, and us light as possible. It should not | 








be turbid, which may be caused by the presence 
of water or other substances. 


If the oil be! 
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turbid by water, it froths on heating, whereas 
a turbidity produced by solid matters, such as 
paraffin, disappears on warming, and reappears 
on cooling. The characteristic feature of all 
mineral oils is their blue fluorescence. (2) 
Smell. The smell must be as little perceptible 
as possible, and should not increase on warm- 
ing the oil. It mostly smells like petroleum. 
(3) Behavior on shaking with water. If 
three parts of oil be shaken with one part of 
water in a test tube, warmed, and allowed to 
stand in a water-bath for some time, no emul- 
sion must appear between water and oil, but 
the latter should stand clear above the water, 
which should opalesce only very faintly, and 
be perfectly neutral. (4) Behavior to caustic 
soda. The oil should not be attacked by a 
caustic lye of 1.40 sp. gr., neither in the cold 
nor on warming. Saponification is a certain 
evidence of the presence of animal or vegetable 
fat. (5) Behavior to sulphuric acid. On mix- 
ing the oil with sulphuric acid of 1.60 sp. gr. 
it must not be colored brown, but yellow at 
the most ; otherwise resins have not been care- 
fully removed. (6, Behavior to nitric acid. 
On mixing oil with nitric acid of 1.45 sp. gr. 
a rise of temperature takes place, which should 
not exceed a certain limit. (7) Specific gravity. 
Although the specific gravity of oils suitable 
for lubricating purposes varies from 0.875 to 
0.950, only a very small latitude—0.003 at the 
most—is permitted in contracts. It is invari- 
ably takenat 15° C (8) Behavior on exposure to 
the airand heat. Spread in a thin layer and ex- 
posed to the air for some time, its consistency 
must not change, nor should it become acid on 
being heated continuously above 150°. Heated 
in open vessels itshould not give off combustible 
vapors, except at a high temperature, which is 
usually specified in contracts. Its flashing 
point should be ascertained in Abel’s apparatus. 
(9) Behavior at a low temperature. It should 


‘bear a low temperature without losing its 


lubricating power, nor should it become solid 
even at a very great cold, but it should rather 
assume the appearance of an ointment. (10) 
Test for consistency. This determination is 
most important. The velocity of efflux of pure 
rape-seed oil is taken as a standard, and that 
of the mineral oil compared with it. 100 cc. of 
the sample are allowed to flow out of a burette 
with tap, while the time which is required is 
noted down. 
r [ue following is suggested in the Hlectri-ian 
as a perfectly fair arc lamp carbon test :— 
Take a dynamo machine, with its full comple- 
ment of lamps, and trim the lamp; with the same 
make of carbons; note the spzed of the dyna- 
mo carefully, and during the test measure the 
current at frequent intervals with an ammeter ; 
see that all the lamps burn freely, without hiss- 
ing, and yet not with arcs so long as to flame. 


| Measure the electro-motive force around each 


are with a voltmeter. Burn the lamps until all 
the carbons are consumed, or burn them, say, 
for fuur hours, and then measure the length of 


| carbons consumed, and calculate the total time 


that they would burn, taking the average re- 
sult. In testing another make of carbon pur- 
sue the same course. You will now be able to 
aote the difference between various grades of 
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carbons. Some carbons will be soft, and will 
consume so rapidly as to make them unecon- 
omical ; others will be of such high resistance 
that the machine will not run its full comple- 
ment of lamps with good long arcs, without 
increasing its speed. In such a case a lamp or 
two could be cut out of the circuit until the 
arcs are normal, and this would show the de- 
gree of economy of the first carbons over the 
others. It is not infrequently the custom to 
mix several different brands of carbons on the 
same circuit of lamps, and then judge of the 
results entirely by the length of time each car- 
bon burns. Nothing could be further from a 
real test. A carbon which would burn nine 
hours would frequently be less economical than | 
a carbon burning eight hours ; as generally the 
latter carbon would enable you to burn, say, 
two more lamps on a thirty-light circuit than 
the former. Calculating the rental receipts 
from these two lamps, it would be found that! 
they would more than make up the difference | 
due to more rapid consumption of the eight- | 


hour carbons. 
A NEW method for producing hydrogen gas 
been described. Superheated steam is} 
passed through red-hot coke in a retort. The 
result is a mixture of hydrogen and carbonic, 
oxide, or what is known as water gas. These | 
gases are then passed on into a second retort, | 
strongly heated, in which a quantity of some | 
refractory substance, such as firebrick, is 
placed. At the same time jets of steam super- | 





heated to the point of dissociation are passed | 
into the retort, the result being a mixture of | 


carbon dioxide and a double amount of hydro- | 
gen. The carbon dioxide can be absorbed by| 
passing through milk of lime, and thus pure | 
hydrogen be obtained and collected in a gas | 
holder. One ton of coke is stated to corres- | 

ond to 3,200 cnbic metres of gas, and the cost | 
is given as 0.015 franc per cubic metre. 


rune plans and proposal of Mr. W. H. Rad- 

ford, C.E., of Nottingham, for the drain- 
age of Newhaven have been accepted. Eighteen 
competitive plans were sent in. The scheme 
retains those sewers which are in good condi- 
tion, and utilises the remainder for surface 
water only. New well-ventilated and flushed 
sewers will be placed on those streets where 
they are required. The sewage from the town 
on the west of the river will be conveyed by a 
main outfall to a point away from the town 
and near the mouth of the river, where it will 
impound in a concrete storage tank during 
high tide. The sewage will then be run into 
the mouth of the tidal river at half ebb. so as| 
to take advantage of the powerful seaward 
current, and the last remnant of the sewage 
will have entered the river while there is still 
one and a half hours of the ebb tide left to 
wash it far out tothesea. Onthe east ofthe river 
the present sewers and outfall at the mouth of 
the river will be utilised; but the sewage will 
be prevented from backing up the sewers by a 
tank. and the sewers will be well ventilated 
and flushed. Provision is made to connect this 
outfall at some future time with the main out- 
fall on the west by means of a syphon under 
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| box to any other of four boxes. 





the river. 


HE North Metropolitan Tramways Com- 
pany notifies its intention of applying to 
Parliament in the present session, by petition, 
for leave to insert in its No. 1 Bill, now pending 
in the House, a clause or clauses authorizing 
the company to use electricity as a power for 
moving carriages on portions of its existing or 
authorized tramways in West Ham, East Ham 
and Leyton. 


nE discussion session of the Manchester 
Association of Engineers was brought to 

a close. when Mr. T. L. Daltry read a paper on 
‘*Certain Motions used in Weaving.” The 


| paper was confined to a description of the 


various drop-box motions in use, with a narra- 
tive of the progress which had been made by 
different inventors, and in conclusion Mr. 
Daltry briefly referred to an invention he had 
himse]f recently patented. The problem of a 
good drop-box motion, he said, was no easy 
one to solve; his aim had been to devise a 
motion that would run at practically any speed 
—160 picks, for instance—and slip from one 
This, after 
considerable trouble, he had worked out 
mainly by the introduction of excentrics, and 
he claimed that one great merit of his inven- 
tion was the narrowness of the space which it 
occupied, whilst with the excentric motion, 
however high the speed, it did not bang the 
boxes, but lifted and lowered them quite 
gently. The chair at the meeting was occupied 
by the president, Mr. W. H. Bailey, and a 
vote of thanks to Mr. Daltry, moved by Mr. 
Thos. Ashbury, C.E., and seconded by Mr. 
Jas. Walthem, brought the proceedings to a 
close. 


Fr a large number of determinations of 

the electro-motive force of the currents 
yielded by zinc-copper and _ lead-platinum 
couples in various simple saline solutions, B. 
C. Damien—Ann. Chim. Phys.—finds that the 
electro-motive force as a rule decreases with 
the time the couple is immersed. In the case, 
however, of the zinc-copper couple in solutions 
of the chlorides, the electro-motive force at 
first slowly increases. The electro-motive force 
of the current yielded by zinc-copper couple in 
a solution of magnesium sulphate is very 
constant, scarcely varying 0.017 volt during 
twelve months, and is not appreciably affected 
by changes either of the strength of the solution 
or of temperature. By introducing an exterior 
resistance of 20.000 ohms, the current becomes 
practically invariable, even when the couple is 
kept in circuit. The author proposes to employ 
this couple for the generation of currents of 
standard strength. The zinc-copper couple 
yields currents whose clectro-motive force is 
almost identical for members of any class of 
salts containing a given acid, but varies greatly 
with a change of acid. Amalgamation of the 
zine slightly increases the electro-motive force 
at first, but it decreases more rapidly than is 
the case when unamalgamated zinc is em- 
ployed. The current obtained from a platinum 
and amalgamated zinc couple in dilute sul- 
phuric acid has its maximum electro-motive 
force when its solution contains 30 per cent. of 
acid. 








